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THE AMINO-ACID MINIMUM FOR MAINTENANCE AND 
GROWTH, AS EXEMPLIFIED BY FURTHER EXPER- 
IMENTS WITH LYSINE AND TRYPTOPHANE.' 


By THOMAS B. OSBORNE anp LAFAYETTE B. MENDEL. 
WiTxH THE COOPERATION OF Epna L. Ferry AND ALFRED J. WAKEMAN. 


(From the Laboratory of the Connecticut Agricultural Experiment Station 
and the Sheffield Laboratory of Physiological Chemistry in 
Yale University, New Haven.) 


(Received for publication, March 18, 1916.) 


The current view of the construction of new tissue involves the 
synthesis of new protein as an essential feature. Growth will be 
limited, therefore, by any factor which prevents this synthesis. 
The lack of any component amino-acid which cannot be manufac- 
tured directly in suitable amounts in the body represents such a 
limiting factor. This explains why adequate growth has never 
been obtained with rations in which the nitrogenous components 
fail to furnish sufficient proportions of certain amino-acids such 
as tryptophane, lysine, or cystine. The wear-and-tear features 
of the metabolism of maintenance without growth may also call 
for a certain quota of some, if not all, of these same amino-acids. 

In an earlier paper we expressed the following conclusion: 
“Obviously the relative values of the different proteins in nutrition 
are based upon their content of those special amino-acids which 
cannot be synthesized in the animal body and which are indispen- 
sable for certain distinct, as yet not clearly defined processes which 
we express as maintenance or repair.” The well known “law of 
minimum” may be expected to apply here as in other nutrition 
phenomena. In growth some of the amino-acids must become an 
integral part of new protein in the body; so that their participation 


1 The expenses of this investigation were shared by the Connecticut 
Agricultural Experiment Station and the Carnegie Institution of Wash- 
ington, D. C. 

2 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1914, xvii, 340. 
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in this process can be expressed in quantitative terms. It isby 
no means equally certain that a precisely similar réle belongs to 
them in the metabolism of ordinary maintenance; for a few specific 
protein derivatives alone may here function in regulatory per- 
formances rather than as the direct source of tissue repair or con- 
struction. In an extreme view it might be assumed, for example, 
that the only reason for the destruction of any protein at all, in 
maintenance, would be to liberate a small amount of one or two 
amino-acids to engage in some hormone-like physiological duty 
upon which proper metabolism might depend.’ In any event, if 
these newer views are tenable, individual indispensable amino- 
acids ought to bear some quantitative relation to the nutritive 
needs of an organism, so that the efficiency of a diet can be modi- 
fied by varying the supply of any one of these amino-acids. 
Willcock and Hopkins‘ have shown that when zein forms the sole 
protein of the diet the life of young mice was greatly prolonged by 
adding tryptophane to the diet. Their experiments have been con- 
firmed and extended by many of our own with albino rats, and the 
results have already been published.’ We have also shown that 
growth does not occur when lysine is lacking from the diet, but 
takes place promptly on adding this amino-acid to the otherwise 
adequate food. Furthermore, addition of these amino-acids to 
diets which are quantitatively deficient in either one of them is 


* The actual amount of dietary protein required for the maintenance 
metabolism is very small. It is possible to maintain rats on rations con- 
taining as little as 2.5 per cent of protein calories (see Osborne and Mendel, 
J. Biol. Chem., 1915, xx, 351) and similar facts have been recorded for man. 
We have attempted to learn whether it would be possible to maintain rats 
on a non-protein diet with additions of tryptophane alone, or together 
with cystine, histidine, tyrosine, phenylalanine, proline, and ammonium 
citrate, or urea. All such attempts failed, even when the supply of energy 
in the form of non-protein substances was liberal and the food contained 
all of the necessary inorganic salts and ‘‘food accessories,’’ and in addi- 
tion at least 0.5 per cent of protein, present in the “‘protein-free’’ milk. 
On such diets the rats declined just as rapidly as when the amino-acid 
additions were not made. 

* Willeock, E. G., and Hopkins, F. G., J. Physiol., 1906, xxxv, 88. 

5’ Osborne and Mendel, Science, 1913, xxxvii, 185; J. Biol. Chem., 1914, 
xvii, 325; 1914, xviii, 1; 1915, xx, 351. 

Osborne and Mendel, J. Biol. Chem., 1914, xvii, 325 (see especially 
Chart IV, p. 345); 1915, xx, 351. 
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promptly followed by an increased rate of growth.’ We have also 
presented data showing a greater rate of growth after adding 
cystine to diets containing casein as the sole protein, for casein is 
presumably quantitatively deficient in cystine.* 

In the present paper we furnish data which show that the need 
for tryptophane and lysine is governed by the “law of minimum,” 
the rate of growth increasing with increasing amounts of these 
amino-acids furnished by the food until the normal rate is at- 
tained. When larger quantities of these amino-acids are supplied 
growth is not made more rapidly, for the construction of new tissue 
is no longer limited by deficiencies in the requisite supply of any 
element of the food, but by the natural capacity of the animal to 
grow. 

Experience has shown that a certain minimal amount of trypto- 
phane is essential for maintenance without growth. That lysine is 
not needed to the same degree for maintenance is shown by an ex- 
periment already published, in which Rat 1892 was maintained at 
an almost constant body weight of 50 gm. for 182 days on a food 
containing zein as its sole protein with an addition of tryptophane 
equal to 3 per cent of the zein.? Although no lysine was avail- 
able, other than that which the rat might obtain from its own 
musculature, which wasted away during the 6 months of the ex- 
periment, and from the small amount of protein in the “‘ protein- 
free’ milk, which at the most could furnish a quantity not greater 
than 0.13 per cent of the food, or 0.7 per cent of the zein, the 
animal remained vigorous and at once began to grow when lysine 
equal to 3 per cent of the zein was added to the diet. 


7 Osborne and Mendel, J. Biol. Chem., 1914, xvii, 325. (See Charts 
III, p. 344, and VIII, p. 349.) 

8’ Osborne and Mendel, J. Biol. Chem., 1915, xx, 351. (See Chart IV, 
p. 373.) 

* Osborne and Mendel, J. Biol. Chem., 1915, xx, 351. (See Chart IX, 
p. 378.) The composition of the food mixture was: 


gm. 
ecm nt SS Bore ene Ce OE en Se he es 17.46 
I haan 5.4'o 5k C85 open 4 selma eet NTs debbs hate 0.54 
I ES rots ne G4 ages soe Suk aed Meew aa ete 28 .00 
I ern GA co oes Cae iudd eee aa lokiccscds aces vce 27 .00 
I a ie ee ava be tale cwdedicecd 18.00 
NGG his wih wus 3 ie ee He os pe WEE Reema vi eek ene Chad viet 9.00 
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Whether maintenance is possible when lysine is completely lack- 
ing from the diet has never been demonstrated, owing to the un- 
avoidable presence of a little protein in the ‘“ protein-free” milk, 
hut, in any event, the need for lysine is not comparable with that 
for tryptophane, for with the similar small amounts of this amino- 
acid available in the muscles of the animal and also in the protein 
of the ‘‘ protein-free” milk, the animals decline rapidly on the zein 
foods unless tryptophane is added in sufficient quantity, which 
for long periods we have found to be equal to 3 per cent of the zein. 
Even additions of lysine to the zein foods do not prevent the de- 
cline unless tryptophane.is also added.'° Another record of this 
sort is shown in Chart I for Rat 1905." 

In the experiment just cited a unique evidence of the inhibition 
of growth was presented throughout the whole period of 6 months 
during which the rat remained at constant body weight. A small 
patch of hair on the animal’s back had been dyed red for purposes 
of identification before the experiment was begun. This re- 
mained unchanged until lysine was added to the diet at the end 
of 182 days, and growth was resumed, when the color soon dis- 
appeared. New growth had become possible in the hairs as in 
other parts of the body. 

The record of the experiment just referred to, for Rat 1892, is 
given in Chart I. In the records of two rats, 2475 and 2476, pre- 
sented in Chart II, it is shown that zein food can be made ade- 
quate for maintenance and even for slight growth by additions of 
both lysine and tryptophane with far smaller proportionate quan- 
tities of the latter than was the case where tryptophane alone was 
added. Weare unprepared to explain the exact significance of this 
conserving effect of the presence of lysine. The experiments 
were. of comparatively short duration, having been planned to 
show the influence of different proportions of these two amino- 
acids. In Chart III are recorded results of experiments to de- 


10 Osborne and Mendel, J. Biol. Chem., 1914, xvii, 325. (See Rat 1900¢’, 
Chart VI, p. 347.) 

11 The sudden rise in body weight indicated in the chart just prior to 
the death of this animal was due to a pathological collection of fluid in the 
abdominal cavity. It must not be interpreted as an indication of the 
ability of the added lysine to render the zein food adequate for main- 
tenance. 
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termine the quantitative limits for the proportions of lysine and 
tryptophane needed to promote good growth with zein foods. 
(See also Rats 2154 and 2161, Chart I.) These graphic represen- 
tations of the body weight show strikingly the effect of increas- 
ing or decreasing the quantities of lysine and tryptophane. Both 
must be present in sufficient amount before maximal effects can 
be obtained. Furthermore, we have already intimated that for 
ideal growth zein ought perhaps also to be supplemented by 
additions of arginine and histidine which it yields in rather small 
proportions.” 

The quantitative réle of lysine is shown even more strikingly in 
the case of gliadin foods. When gliadin is the only protein in 
the ration, growth is very slow, if it occurs at all." Gliadin yields — 
tryptophane; and its lysine content is now estimated at about 
0.92 per cent.'"* The adequacy of the gliadin foods for the main- 
tenance of rats (without noteworthy growth) at various ages rep- 
resented by correspondingly different body weights has been 
demonstrated in earlier papérs. In these experiments the foods 
contained 18 per cent of gliadin. We have since found that foods 
containing only 9 per cent of gliadin can maintain the body weight 
of rats at least for short periods. With foods containing only 2 
per cent of gliadin maintenance is no longer possible. Gliadin 
can supplement zein food, so as to make the latter adequate for 
maintenance. Inasmuch as isolated tryptophane acts in the 
same way, biological evidence for the presence of a considerable 
proportion of tryptophane in gliadin is thus afforded. 

It has been shown that the addition of lysine equivalent to 3 
per cent of the gliadin fed readily converts the gliadin food into a 


12 Osborne and Mendel, J. Biol. Chem., 1914, xviii, 1. (See Chart I, 
p. 11.) 

18 Osborne and Mendel, Carnegie Institution of Washington, Publication 
156, pt. ii, 1yil; Z. physiol. Chem., 1912, |xxx, 328; J. Biol. Chem., 1912. 
xii, 473; 1912-13, xiii, 233; Science, 1913, xxxvii, 185; J. Biol. Chem.,1914, 
xvii, 325. 

'¢ Osborne, T. B., Van Slyke, D. D., Leavenworth, C. S., and Vinograd, 
M., J. Biol. Chem., 1915, xxii, 259. 

‘5 Osborne and Mendel, J. Biol. Chem., 1915, xx, 351. (See Rats 2435 
and 2463, Chart VIII, p. 377.) - 

‘6 Osborne and Mendel, J. Biol. Chem., 1914, xvii, 325. (See Rat 11139, 
Chart I, p. 342.) 
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ration suitable for growth.!’ More recent attempts to ascertain 
the lower limit of this lysine requirement are presented in Chart 
IV (Rats 2054, 3 per cent lysine; 2268, 2271, 2 per cent lysine; 
2363, 2366, 1.5 per cent lysine; 2294, 2291, 1 per cent lysine). A 
distinct effect upon the rate of growth is not apparent until this 
lowest addendum of lysine is reached. Recalling that the gliadin 
itself furnishes nearly 1 per cent of lysine, it is obvious that, to 
produce satisfactory growth, lysine equal to somewhat over 2 
per cent of the protein must be present in the food. For the pur- 
poses of comparison the food intake and gains in body weight 
for a period of 3 weeks of rats of comparable size, some of which 
are referred to in Chart IV, are summarized below: 











Lome paiet to 
ladin food. ve P m G i in 
: Rat | poate. | Hamhigtake looay weigh in 
Piadiny In 100 gm. food. 
per cent gm. gm. gm. gm. 
3 0.54 1844 9 * 59.0 117.8 37.5 
1846:9 * 54.0 108.4 30.5 
1850<7'* 75.0 142.3 45.5 
2054.7 F 60.0 136.9 39.0 
2 0.36 2268 7'F 69.0 150.2 35.0 
2271 7°T 65.5 148.7 35.5 
1.5 0.27 2363. 7°T 66.0 136.7 30.5 
2366 7'T 67.0 130.2 25.5 
1 0.18 2291 7T 64.5 136.6 21.5 
2294.7 61.5 113.7 9.5 
None. 0.00 240° t 65.5 110.8 3.0 
249 9 § 65.5 87.4 6.0 
2549 ** 66.5 95.3 8.0 
18507"* 65.5 103.1 8.0 




















* See Chart I, J. Biol. Chem., 1914, xvii, 342. 
+ See Appendix, Chart IV. 

t See Chart VII, J. Biol. Chem., 1912, xii, 496. 
§ See Chart VIII, J. Biol. Chem., 1912, xii, 498. 
** See Chart IX, J. Biol. Chem., 1912, xii, 499. 





17 Osborne and Mendel, J. Biol. Chem., 1914, xvii, 325. (See Chart I, 
1. 342.) 
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Inasmuch as gliadin, which yields nearly 1 per cent of lysine, 
in addition to tryptophane, fails to promote growth until a supple- 
ment of 1 or more per cent of lysine is added to the food contain- 
ing it, one can now readily understand why the zein food failed 
to promote growth satisfactorily, even with the addition of plenty 
of tryptophane, unless 2 per cent or more of lysine was furnished 
with the protein (see Charts IIand III). Some growth may occur 
with smaller additions, but it is below the normal average and is 
limited by the proportion of the essential amino-acid present in 
. smallest amount. 

The application of some of these ideas regarding the indispensa- 
bility of an adequate supply of certain amino-acids for growth has 
recently been attempted by Buckner, Nollau, and Kastle in the 
case of young chicks.'!® Their plan was to select mixtures of feeds 
which should be high and low, respectively, in lysine. The amount 
of this amino-acid was estimated by hydrolyzing the grain rations 
as a whole and determining the partition of nitrogen by the Van 
Slyke method. If the results of analyses made in this manner are 
trustworthy, the outcome of these feeding experiments is of much 
interest. They showed a very marked difference in the effects of 
the two grain mixtures, the rations of assumed low lysine content 
leading to decided retardation of growth. There are many vari- 
ables besides that of the amino-acid yield in any attempt to com- 
pound food mixtures from ordinary feeds. 

In a recent publication Abderhalden'® has discussed what he 
designates as the “biologische Wertigkeit’’ of a number of the 
amino-acids obtained by the complete disintegration of protein 
with digestive enzymes. In several respects his results are com- 
parable with studies which we have presented and repeatedly dis- 
cussed in several communications in the past. His procedure has, 
in the main, consisted in feeding to dogs and rats mixtures of 
amino-acids obtained by digestion; and using the nitrogen balance 
as an evidence of nutritive equilibrium, he has ascertained the 
effect of such mixtures before and after the removal of individual 
amino-acids. In this way, quite in harmony with evidence which 
we have presented earlier, he has come to the conclusion that 


18 Buckner, G. D., Nollau, E. H., and Kastle, J. H., Am. J. Physiol., 
1915, xxxix, 162. 
'9 Abderhalden, E., Z. physiol. Chem., 1915, xevi, 1. 
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tryptophane is an indispensable component of the dietary. Ab- 
derhalden’s experiments with lysine, though pointing in the same 
direction, are far less conclusive. 


SUMMARY. 


-Additional experiments are reported in this paper to show the 
part played by tryptophane and lysine in the metabolism of main- 
tenance and growth. The quantity of these amino-acids available 
in the diet can be made the limiting factors which determine the 
nutritive equilibrium and possibilities for increment of size in an 
individual. They afford an important illustration of the “law of 
minimum” applied to essential nitrogenous components of the 
food supply. 
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CuarT I. Showing the effect of additions of varying proportions of 
tryptophane, lysine, or both, to zein foods. It will be noted that no in- 
crement of body weight takes place unless both of these amino-acids are 
added. The rate of growth appears to be limited by the proportions of these 
amino-acids furnished, thus illustrating the “law of minimum.” Special 
attention is directed to the unique record of Rat 1892 described in detail 
in the text. The food, with which the lysine or tryptophane was incor- 
porated, was composed essentially as follows: 


gm. 
IETS ISSR SS cae or oe 18 
SI re re a bis wide ts 28 
MN. awe sac oie ee Sheik ah th katte diede ami tic adds Cakes s 27 
URINE ee PSE Sa SRE aaa Reta ip ame? ae 18 
I is ide a bn 6 Xe Uic its Oe ae ot Ciena Medak okies kee Qq 
a vodice xn «xan a cdu eee tea dnd UUs Sake is Midaw ee bo ces 15 


In all cases the quantities of amino-acids used are expressed in percent- 
ages of the protein present—not in terms of the total food. 
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Cuart IV. Showing the necessity of adequate additions of lysine in 
order to produce satisfactory growth upon gliadin foods. In considering 
the total lysine content of the ration it should be recalled that the gliadin— 
of itself inadequate to produce a food suitable for growth—is estimated to 


yield nearly 1 per cent of lysine. The composition of the ration was 
essentially as follows: 
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The added lysine replaced a part of the gliadin. Additional data regarding 
these animals are given in the table on p. 6. 








STUDIES IN THE SYNTHESIS OF HIPPURIC ACID IN 
THE ANIMAL ORGANISM. 


III. THE EXCRETION OF URIC ACID IN MAN AFTER 
INGESTION OF SODIUM BENZOATE. 


By HOWARD B. LEWIS ann WALTER G. KARR. 


(From the Laboratory of Physiological Chemistry of the University of Illinois, 
Urbana.) 


(Received for publication, March 15, 1916.) 


Much confusion exists in the vast mass of experimental data 
accumulated in recent years concerning the influence of benzoic 
acid or its salts on the nitrogenous metabolism of man. With re- 
gard to uric acid excretion, the greater number of observers’ 
assert that the ingestion of benzoic acid has no effect, or results 
in a slightly increased elimination. The therapeutic use of ben- 
zoates in gout and rheumatism, however, still continues, although 
they have been replaced to a large extent by atophan and salicylic 
acid derivatives. That salicylic acid, closely related to benzoic, 
when administered causes a marked increase in the uric acid ex- 
cretion, has repeatedly been shown.? Recently Denis* has re- 
ported three cases in which the relations between the uric acid 
concentration of the blood and the urinary elimination of uric 
acid were studied before and after the ingestion of 8 gm. of sodium 
benzoate. As a result of these studies Denis concludes: “ Benzoic 
acid like salicylic acid causes, when taken in large doses, a marked 
decrease in the uric acid content of the blood and an increase in 
the uric acid content of the urine. The effect, however, is not so 
constant or so marked as with the former drug.”’ From a care- 


1 Compare Keller, W., Ann. Chem., 1842, xliii, 108. Lewandowsky, M.., 
Z. klin. Med., 1900, xl, 202. Chittenden, R. H., Long, J. H., and Herter, 
C. A., U. 8. Dept. Agric., Report No. 88, 1909, pp. 58, 586. 

2? Rockwood, E. W., Am. J. Physiol., 1909-10, xxv, 34. Fine, M. &., 
and Chace, A. F., J. Biol. Chem., 1915, xxi, 371. Denis, W., J. Pharm. and 
Exp. Therap., 1915, vii, 255. 

3 Denis, W., J. Pharm. and Exp. Therap., 1915, vii, 601. 
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ful study of the figures presented, the conclusions in so far as they 
concern the urine would seem to be open to question, as in only 
one of the three cases is the increase beyond normal variations. 

In connection with former work by one of us‘ on the rate of elimi- 
nation of hippuric acid after benzoate ingestion, the observation 
was made that the uric acid content of the urine was very low in 
the periods immediately following the ingestion of the benzoate, 
those periods in which the elimination of the greater part of the 
hippuric acid takes place. It seemed probable that any varia- 
tions in the uric acid excretion due to the benzoate ingestion would 
be evident if the elimination was studied over short periods of 
time, coincident with the periods of maximal hippuric acid ex- 
cretion, and that relations which would be obscured in the normal 
variations of 24 hour periods might be observed. With this in 
view the following series of experiments were undertaken. 

The subjects of the experiments were healthy young men, stu- 
dents or instructors in the laboratory. For at least 2 days prior 
to the experimental periods as well as during the experiment the 
subjects were maintained on a purine-free diet. The experimental 
periods consisted of 3 or 4 days. The urine was collected at regu- 
lar 2 hour intervals throughout the day with a 12 hour period at 
night. No attempt was made to maintain the diet quantitatively 
uniform throughout the experiments. Each subject, however, 
partook of a uniform breakfast daily. The benzoate was dis- 
solved in water and administered with the breakfast. Subject A 
ate no food prior to the midday meal and received the benzoate 
at8a.m. Uric acid was determined by Benedict and Hitchcock’s* 
modification of the colorimetric method of Folin and Denis, a 
method which in our experience gives values checking closely 
with those obtained by the older method of Folin and Shaffer 
provided only 0.5 mg. of uric acid is used in the standard solution 
and diluted to 50 cc.’ Creatinine was determined by the method 
of Folin and total benzoic acid by the method of Folin and 
Flanders. 

In order to see whether the presence of large quantities of hip- 
puric acid in small volumes of urine, a condition met with in the 
experimental days of benzoate ingestion, in any way affected 


‘ Lewis, H. B., J. Biol. Chem., 1914, xviii, 225. 
5 Benedict, S. R., and Hitchcock, E. H., J. Biol. Chem., 1915, xx, 619. 
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the quantitative determination of uric acid by the method em- 
ployed, the following experiments were carried out. 

1. To 25 cc. of one of the experimental urines of a normal day 
0.6 gm. sodium hippurate was added and the uric acid determined 
in 5 cc. in comparison with the original urine. 


Original urine. Urine after addition of sodium 
hippurate. 
Colorimeter reading...... 20.8 mm. 21.8 mm. 
22.0 “ 
a7 
21.8 “ average of three deter- 
Uric acid calculated for minations. 
total volume of period 
__ EG ORG sr eee 48 mg. 45.8 mg. 


2. The same procedure was followed with another urine, 0.6 
gm. sodium hippurate being added as before. 


Original urine. Urine after addition of sodium 
hippurate. 
Colorimeter reading, av- 27.5 mm., average of four deter- 
erage of three determi- minations. 
nations................ 26.6 mm. 


Uric acid calculated for 
total volume of period 
a ee 55 mg. 


Repetition of the above experiments with different urines gave 
results similarly low, from 3 to 4 mg. lower than the results for the 
urine without the addition of sodium hippurate. It was observed 
that in the urine with the addition of the hippurate, the precipi- 
tate was less flocculent and less bulky than was the case with the 
original urine. The precipitate resembled that obtained with pure 
uric acid solutions, rather than the mixed precipitate of phosphates 
and uric acid obtained normally with urines by this method. We 
believe that the smaller bulk of the precipitate resulted in a less 
compact mass in the bottom of the centrifuge tube, which caused 
a slight loss when the supernatant liquid was poured off. We were 
unable to obtain the typical bulky flocculent precipitate even when 
large amounts of the ammoniacal silver magnesium solution were 
added. The quantities of hippurate added in the above experi- 
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ments were much greater than the amounts present in any of the 
experimental urines, so that the figures obtained above repre- 
sent the maximum possible error under the conditions, with which 
we dealt in the present experiments. Any changes in the uric 
acid content of the urine following benzoate ingestion must then 
be well above any possible error of the method in the presence of 
hippuric acid, in order to be significant. 

A study of Table II shows that coincident with the maximal 
elimination of the ingested benzoate (during the first 4 hours after 
administration, compare Table VI), the uric acid excretion is mark- 
edly diminished, a decrease of 50 to 70 per cent as compared with 
the excretion during the corresponding periods of the fore and after 
days. These decreases while marked in the shorter periods are 
obscured in the figures for 24 hours, in which, although decreased 
elimination is evident, the variations are hardly more than normal 
fluctuations. This is especially marked in the experiments with 
Subjects A and L. When, however, the results for the first 4 
hours of the day are summarized (Table I), the variations are seen 
to be well above any normal fluctuations or experimental error. 


TABLE I. 
Elimination of Uric Acid and Creatinine during the First 4 Hours of the Day. 














Sodium ben- 
Subject. Day. Uric acid. Creatinine. zoate 
administered. 
mg. mg. gm. 
SS a ree 140 311 0 
i i re hae 150 305 0 
HB. B.L....... Benzoate......... 71 293 8 
Rape eT ee 142 341 0 
Pes Sores 128 402 0 
a tabs ly ais la'yhe 122 313 0 
W.G.K...... Benzoate......... 47 354 8 
SIRS 0 bis, 4 o's tes War 152 365 0 
eh int 89 290 0 
ay eee eae es Benzoate......... 34 261 7 
(SR ae © 118 299 0 

















Two possible explanations of this decrease suggest themselves. 
The changes might be due to a delayed elimination of the uric acid 








H. B. Lewis and W. G. Karr 17 


by the kidneys, a retardation which should be followed by a com- 
pensatory increase in the later periods of the day. An inspec- 
tion of the tables shows that no increased elimination in any way 
comparable to the decreases in the elimination of the earlier 
periods or greater than the normal variations of the fore and after 
days occurred. The possibility that these changes are the result 
of a general lowering of the plane of endogenous metabolism due 
to the toxic action of benzoic acid must also be taken into con- 
sideration. In order to test this hypothesis, creatinine was also 
determined throughout the experiments. No changes in the elimi- 
nation of creatinine were observed (Tables I and IV). If the 
decreased excretion of uric acid observed is the result of a decreased 
formation of uric acid due to lowering of the level of nuclear 
metabolism under the influence of sodium benzoate, this must be 
considered as a specific influence on nuclear metabolism rather 
than on general endogenous metabolism, since the creatinine elimi- 
nation remains normal. Whether the gastro-intestinal irritation 
commonly ascribed to the influence of large doses of benzoic acid 
would cause an increase in the endogenous uric acid metabolism 
is not clear from our present knowledge.’ Certainly there is no 
evidence of the opposite effect. 

The ingestion of benzoic acid results in the production of glyco- 
coll from sources as yet unknown, for purposes of detoxication. 
Is it not possible that uric acid may be broken down to yield 
glycocoll or some other substance for detoxication, or may even 
itself be conjugated with benzoic acid? Uric acid is present 
normally in small amounts in human blood and tissues (1 to 2 
mg. per 100 ce. of blood according to Folin and Denis’), while 
proteins and amino-acids, in the last analysis the sources of glyco- 
coll, occur in much larger amounts. If then, as has been sug- 
gested, uric acid contributes in some unknown way to the detoxi- 
cation of benzoic acid, one would expect the reactions to proceed 
according to the masses of substances available, the greater réle 
in the detoxication being played by the substance most abundant; 
t.e., glycocoll and its precursors to yield hippuric acid, and the less 
abundant uric acid playing a less important réle in detoxication. 


* Mendel, L. B., and Stehle, R. L., J. Biol. Chem., 1915, xxii, 215. 
? Folin, O., and Denis, W., J. Biol. Chem., 1913, xiv, 29. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. XXV, NO. 1 





18 Hippuric Acid. II] 


In connection with this problem it seemed also of interest to de- 
termine whether this effect of benzoic acid on uric acid excretion 
was also produced by hippuric acid administered per os. Is the 
effect of the benzoic acid due to a toxic action on the cells, result- 
ing in a decreased formation of uric acid, to the utilization of the 
uric acid formed for detoxication, or to the presence of hippuric 
acid circulating in the system? The experiments were conducted 
in the same manner as those previously described in this paper. 
An amount of sodium hippurate equivalent to the benzoate fed 
in the first series was administered. 

As seen in Tables III and V, no significant changes in the elimi- 
nation of creatinine or uric‘acid resulted from the administration 
of large doses of sodium hippurate. The decreased uric acid ex- 
cretion observed after benzoate ingestion would seem to be due to 
the effect of the benzoic acid itself and not to its conjugated, 
non-toxic derivative, hippuric acid. 

Notable also in the series of experiments is the slower elimination 
of the hippuric acid after the administration of sodium hippurate, 
than after benzoate administration (Table V1). 


TABLE I. 


The Influence of Benzoate Ingestion on Uric Acid Excretion. 





|Sodium Uric acid in mg. excreted for period ending 





Subject. 


'9a.m.illa.m.\1 p.m. 3p.m.|5p.m./7p.m./7a. m.| 








53 | 64 
64. | 65 
52 | 66 
62 | 74 











42 
32 ° 
63 61 


ee 





32 | 36 | 39 | 47 
49 | 37 54 
61 06 | 4 52 


| 





s3uc| cade 








* Collection of urine beginning at 8 a.m. in 2 hr. periods. 
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TABLE III. 
The Influence of Hippurate Ingestion on Uric Acid Excretion. 

<7 Uric acid in mg. excreted for period ending Potal 
Subject. > aa ong a a 
al fed. Sa.m. {11a m, 1 p.m. | (3 p.m. 5 p.m.|7p.m.|7@. m. | 24 hrs. 

}; gm. mig 
H.B.L.{/1) 0 | 89 | 70 | 6 | 68 | 45 | 40 | 285) 660 

Wt. <{/2/112/ 66 | 5B | 46 | 69 | 65 |Lost.) 305 /.... 
6 keg {|3/ O | 72 | & | 48 43 | 46 | 32 216 | 525 
W.G.K.{} 1; 0 | 65 | 67 | 49 | 48 | 44 | 31 | 239] 543 
Wt. {/2/112/ 6 | 81 | &1 | 7% | 54 | 41 | 246/| 608 
74 kg. (13) O | 7 | 6 | 42 | 47 | 31 | 37 | 226) 527 





TABLE IV. 


The Influence of Benzoate Ingestion on Creatinine Excretion. 





Total 





























ee Creatinine in mg. excreted for period ending oa 
Subject. > | zoate | . nine in 
ball fed. | 9 a.m. iu a.m.)lp.m.|3p.m./5p.m./7p.m. ts =. 24 hrs. 
gm. | | mg. 
HBL (}1 | © | -149 | 162) 143 | 162 | 126| 144) 810 | 1696 
we (L2) ° 168 | 137) 155) 143) 158) 116 | 810 | 1687 
= M 3i $s 163 | 130/ 144, 162/ 137| 117) 730 | 1583 
" 1}4!] © | 205] 136] 148| 158] 135 | Lost.| 675 

- c -" | 1) 0 | 189] 213) 182] 171 197 | 171 | 1088 | 2211 
21 0 176 | 137 | 164) 176 247) 187 | 894 | 1981 
" “et | 3 fee 193 | 161 174) 202) 127| 154| 988 | 1999 
14) 0 186 | 179| 194! 177! 177! 178| 868 | 1959 

ne ee | Re oaK 
L. A.* i @ 162 | 128; 125| 147/| 180| 142! 810) 1694 
Wt. 2| 7 | 140] 121] 162| 127! 174] 150] 765 | 1639 
59.1kg. (| 3) © | 152] 147| 142) 130) 165) 147) 837 | 1720 








* Collection of urine beginning at 8 a.m. in 2 hr. periods. 








Subject. 


H. B.L. {| 


Wt. 
86 kg. 
W.G.K. [{ 

Wt. 
74 kg. 


TABLE V. 


Hippuric Acid. 


Ill 


The Influence of Hippurate Ingestion on Creatinine Excretion. 





‘Sodium | 
hip- | 


; wonds-_ 


who 





Creatinine in mg. excreted for period ending | Raced 

y noises — | nine in 

| 9a.m. |I1a. m.| 1 p.m. |3p.m. | 5 p.m 7pm. | 7 a.m. | 24 hrs. 

mg. 

_ 248 , 169 169 | 179 145 168 | 965 2043 
162 | 162) 162 173 | 169 | Lost.| 980 |. 
156 | 152) 159| 147/ 170) 202 1039 | 2025 

| 197 | 195 202 196 | 202 152. 1100 2244 
193 187 170 | 225; 206 188 | 1048 | 2217 
219 208 190 221 170 163 1318 2489 





















TABLE VI. 


Total Benzoic Acid Excretion following Ingestion of Sodium Benzoate 
or Sodium Hippurate. 





Sodium benzoate 
or sodium hippu- 














Subject. Day. | rate fed 
| calculated as ben- 
zoic acid. 
ali —| teal 
| gm. 
_< & See 3 |Benzoate. 6.76 
4 ees ‘Hippurate. 6.76) 
ae ald ene er 
W.G.K......| 3 |Benzoate. 6.76 
Wy a eed <. 7 2 |Hippurate. 6.76) 
— Rosine s _ eee | 
| ie i .| 2 |Benzoate. 5.92! 
| | 





| 
| i 
19a.m./11 a. m. 


to lo 


94 
6 


96 
09 


.95 | 














Total benzoic acid in gm. Total 
excreted during period ending benzoic 
rll = acid in 
1 o 8 hrs. 
|} 1 p.m./3 p.m. 
gm. 
2.86 0.45 0.16 6.41 
1.91/0.54/0.51} 5.52 
—— | ——— | ——_|— 
2.57 | 1.48 | 0.21 6.22 
2.80 | 1.34 | 0.72 5.95 
} 
2.39 | 1.39 | 0.14 >. 87 
| 





* Collection of urine beginning at 8 





a.m. in 2 hr. periods. 
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STUDIES IN THE BLOOD RELATIONSHIP OF ANIMALS 
AS DISPLAYED IN THE COMPOSITIONS OF THE 
SERUM PROTEINS. 


V. THE PERCENTAGE OF NON-PROTEINS IN THE SERA OF 
CERTAIN ANIMALS AND BIRDS. 


By R. M. JEWETT. 


(From the Rudolph Spreckels Physiological Laboratory of the University of 
California, Berkeley.) 


(Received for publication, March 13, 1916.) 


This investigation was undertaken with a view to correcting 
and extending the figures given in former articles of this series by 
adding the determination of non-proteins for each animal. 

In former articles of this seri¢s' it was assumed that the amount 
of non-proteins in the blood sera of all animals was about the same; 
but it has since been ascertained that this assumption is not 
accurate;? and the present work was undertaken to ascertain the 
amount of non-protein in the blood of each kind of animal formerly 
studied and to correct the figures which are affected by the re- 
vised estimation of the non-proteins. In the present investiga- 
tion Robertson’s refractometric method? was used in so far as the 
determination of non-proteins is concerned, and in cases where the 
concentration of the serum being examined was much greater or 
less than that examined by former investigators, the ascertained 
amount of non-protein was increased or reduced in like proportion 
before correcting the previously published figures. 

The following table shows the refractive indices obtained, the 
percentages of albumin, globulin, and total proteins determined 
by previous investigators, and the figures as corrected by the 
present investigation. Where the percentage of non-protein in 


1 Robertson, T. B., J. Biol. Chem., 1912; xi, 179; 1912-13, xiii, 325. 
Woolsey, J. H., cbid., 1913, xiv, 433. Thompson, W. B., ibid., 1915, xx, 1. 
Briggs, R. 8., ibid., 1915, xx, 7. 

* Robertson, J. Biol. Chem., 1915, xxii, 233. 
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the seventh column of figures differs from that in the first column, 
that in the first column is the figure obtained from the serum in- 
vestigated and that in the seventh column is the proportional fig- 
ure calculated to correspond to the concentration of the serum used 
by the former investigator. One to three determinations were 
made in each case according to the amount of blood obtainable. 
The animals employed were normal animals, not previously fasted. 




























































Given in former articles. Cor i meer wa — 3 
As per- | | | | As per- 
: | = | centage of | | =; | centage of 
Animal. & 3 total jj ¢ | = total 
| 3 hey ae s protein. || @ | * | ./ 8 protein 
iZisgiaa2 Helsisgi«& 
£ g\ 5 3 i\46 sii | 21 8/1 balse 
~T per | per | per | per ll per | ver | per |ar| | 
cent | cent | cent | cent cent | cent | cent cent { 5 
Horse... 1.51/3.5 [4.6 |8.1 | 43 | 57 [IL 58.5 4.0 |7.5 | 47 | 53 
2 albino rats...... 1.61/1.7 |4.8 |6.5 | 26 | 74 (1.61/1.7 4.23/5.93 29 | 71 
ESE re 1 .34/2.21|5.32|7.50) 29 | 70 |/1.34/2.21/5.00/7.21) 31 | 69 
Hog... 1.62/2.76|4.86)|7.60| 36 | 64 1.49/2.76/4.34)7 10 39 | 61 \ 
GS os Shas eas 1.30)1.14/5.44|6.59) 17 | 82 |1.30)1.14'5.15/6.29) 18 | 82 
ER Seeks aca ees. 1.43)1 .56/5.31/6.87| 22 | 75 ||1.43)1.56/4.90/6.46) 24 | 7 
Ro hk Unsiein we 1.73/2.56|5.86|8.42| 30 | 69 ||1.87/2.56/5.06/7.62| 34 | 66 
Dog..............|2.01})1.31|5. 76/7 .07| 18 | 81 ||2.01/1.31)4.82/6.13) 21 | 7 } 
Guinea pig... .. . .|1.53)0.93/5.01|5.94) 16 | 84 |/1.28)0.93/4.74|5.67) 16 | 84 
Hen..............|1.81]1.14)3.9 |5.0 | 23 | 77 |)1.42)1.14)3.50)4.64) 25 | 75 
Duck.............|1.90}1.91/4.8 [6.7 | 26 | 74 |/2.77|1.91/3.18)5.09| 38 | 62 























+ Globulin unchanged. 

















THE TOXIC ACTION OF SOLUBLE ALUMINIUM SALTS 
UPON THE GROWTH OF THE RICE PLANT. 


By K. MIYAKE. 


(From the Rudolph Spreckels Physiological Laboratory of the University of 
California, Berkeley.) 


(Received for publication, March 7, 1916.) 


The matter of soil acidity is one of the live topics of the day 
among soil investigators. There has been a vast amount of in- 
vestigation of the subject! and it has come to be quite generally 
recognized in recent years that by the addition of various kinds 
of salt solutions to soils, soluble acids or acid-acting salts are set 
free: that is, cultivated soils tend to become acid year by year as a 
consequence of the application of manures and fertilizers contain- 
ing soluble salts, because when nitrates, chlorides, and sulfates 
are added to soils, the tendency is for the base to combine with the 
organic matter and the silicates in the soil, and for the acid radicle 
to combine with aluminium and to a less extent with iron. The 
soluble aluminium and iron salts which are formed are more or less 


1 Among the numerous contributors to the literature on the subject may 
be mentioned: 
Van Bemmeln, J. M., Ber. chem. Ges., 1878, xi, 2228; Landw. Vers.- 
Stat., 1888, xxxv, 69. 
Hopkins, C. G., Pettit, J. H., and Knox, W. H., U. S. Dept. of Agricul- 
ture, Bureau of Chemistry, Bull. 73, 1903, 114. 
Veitch, F. P., J. Am. Chem. Soc., 1904, xxvi, 637. 
Kohler, E., Z. prakt. Geol., 1903, xi, 49. 
Sullivan, E. C., U. S. Geol. Survey, Bull. 312, 1907. 
Wiegner, G., J. Landw., 1912, Ix, 111, 197. 
Cameron, F. K., The Soil Solution, Easton, Pa., 1911. 
‘Parker, E. G., J. Agric. Research, 1913-14, i, 179. 
Gans, R., Internat. Miit. Bodenk., 1913, iii, 529. 
Loew, O., Porte Rico Experiment Station, Bull. 13, 1913. 
Harris, J. E., J. physik. Chem., 1914, xviii, 355. 
Daikuhara, G., Bull. Imperial Centr. Agric. Experiment Station, Japan, 
1914, ii, 1. 
Conner, 8. D., J. Ind. and Eng. Chem., 1916, viii, 35. 
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soluble acid; that is, the presence of excess of acid in the soil. 
Of course the acid radicles combine with the stronger bases, such 
as calcium and magnesium, but the acid condition of any soil is 
due to the fact that it does not have a sufficient supply of the 
strong bases; hence in many soils aluminium and iron necessarily 
supply the basic radicle. It thus happens that in many cases the 
apparent acidity of the extract from the soil as determined by 
titration with standard alkali in the presence of phenolphthalein, 
is found to be proportional to the amount of aluminium salts 
present in the solution, and evidently represents the amount of 
alkali required to precipitate the aluminium rather than actual 
free acidity. Accordingly, the addition of strong bases as cal- 
cium to the soil or treatment such as ignition which makes soil 
constituents less reactive, will stop or decrease the production of 
acid by the application of soluble salts to the soils. 

From the view of soil acidity above stated, it appeared to be of 
interest to investigate the toxicity of soluble aluminium and iron 
salts and its relation to their acidity. As the soluble iron salts 
are generally present in negligible traces in the soil solution, we 
will confine our investigation to aluminium salts. 


There are a few publications on the physiological act on of aluminium 
salts on the growth of plants. Micheels and De Heen investigated the ef- 
fect of aluminium salts on the germination of wheat, with the result that, 
while they found alumina or kaolin to be beneficial, the addition of soluble 
aluminium salts proved injurious. House and Gies* found that the tox- 
icity of aluminium salts is dependent entirely upon the concentration. 
Yamano! ascertained by pot experiment on barley and flax that moderate 
amounts o aluminium salts have a stimulating action on plant develop- 
ment. In water cultures, however, 0.2 per cent of alum acted injuriously 
after 3 weeks, while 0.8 per cent killed the plant in a few days. Hébert* 
studied the toxicity of chromium and aluminium sulfates in comparison 
with the sulfates of some of the rare metals. Progressively increasing 
amounts of these compounds were tested on germinated seeds of pea, 
wheat, and rape. ‘Aluminium, chromium, and some of the rare metal sul- 
fates were found to be strongly poisonous. Duggar* reports aluminium 





2 Micheels, H., and De Heen, P., Bull. Acad. roy. Belg., 1905, 520. 

3’ House, H. D., and Gies, W. J., Am. J. Physiol. 1905-06, xv, p. xix. 
4Yamano, Y., Bull. College Agric., Tokyo Imperial Univ., 1905, vi, 429. 
5 Hébert, A., Bull. Soc. chim., 1907, series 4, i, 1026. 
6 Duggar, B. M., Plant Physiology, New York, 1911. 
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chloride and sulfate extremely toxic to pea grown in water cultures. 
Abbott, Conner, and Smalley’ found that very dilute solut ons of aluminium 
nitrate are toxic to corn seedlings in water culture in the presence of min- 
eral nutrients. The toxicity of aluminium nitrate was found to be ap- 
proximately equal to that of nitric acid of the same normality. E. Kratz- 
mann® proved that the growth of higher plants is retarded by the presence 
of 0.05 per cent of aluminium salts, but very smal! amounts (0.0001 per 
cent) have a slight stimulating action. Ruprecht® found also that alu- 
minium sulfate, when present in culture solutions in concentrations of 
aluminium greater than forty parts per million, has a very toxic action on 
clover seedlings. 


From the above review it will be seen that, although there is 
evidence that aluminium salts are toxic, there has been no re- 
search work done on the question of the relationship of the toxicity 
of aluminium salts to their acidity, except the article by Abbott, 
Conner, and Smalley which touches on this matter. 

Water cultures were employed in the investigation. Though of 
limited value in soil fertility investigation from the standpoint of 
agriculture, this method of investigation furnishes an excellent 
means of studying special phases in which physiological effects are 
important. For the solution I used aluminium chloride in con- 
centrations of ;j99 tO 29.999 28 will be seen in Table I, and hy- 
drochloric acid solutions of same concentrations were used for 
comparison. In the experiment I started with the young rice 
seedlings, 10 mm. high, which were grown in distilled water from 
seeds of almost uniform size and specific gravity. Fourteen 
beakers about 5.5 cm. in diameter and 7 cm. deep, each contain- 
ing 30 cc. of solution, were used for the experiment, the seedlings 
being placed in the solution, while one beaker containing dis- 
tilled water served as a control. Five seedlings were grown in 
each culture at ordinary temperature and the evaporated water 
was supplemented with distilled water from time to time to keep 
the solutions always at their initial dilutions. After 13 days, the 
difference in development was striking, when the following meas- 
urements were made. 


7 Abbott, J. B., Conner, 8. D., and Smalley, H. R., Ind. Experiment 
Station, Bull. 170, 1913, 329. 
§ Kratzmann, E., Chem. Zig., 1914, xxxviii, 1040. 
®* Ruprecht, R. W., Mass. Experiment Station, Bull. 161, 1915, 125. 



































RE Sata want maentilestae cleat 
: ORE aN, ! er ey ‘ " 4 





Toxicity of Soluble Aluminium Salts 


TABLE I. 








Concentration. 






























| 5,009 | 7,500 | 10,000 |75,000 | 20.030 | trol. 





“ae he Le Se N ~ | Con- 
j 
| 











; 
¢ ie - - | ~~ | = ms i -—-_ mo 
‘Length of leaf, mm..| 50 y)  ) ee | 37 57 | 5i 57 
AICI; { Length of root, mm..! 12 | 12 | 16 | 26] 36] 36] 52] 52 
'No. of roots..... | 5*1-8* 1] 8*] 8 | 7 | 7 | 7 7 

7 ihe pay aa 
(Length of leaf, mm...) 41 | 48 | 48 | 55 | 57 | 57] 62) 57 
HCl { Length of root, mm...| 26 | 33 | 33 | 56/ 55| 52] 52] 52 
|No. of roots........... Soh 4 4 se 7 7i-7 7 

| | | 
* Only the primary root was well developed 





Though a little difference of growth between the aluminium 
chloride and hydrochloric acid solutions was observed, the table 
shows that each solution in the same normality causes almost 
similar retardation as stated by Abbott, Conner, and Smalley, 
and concentrations greater than +5; are injurious to the growth 
of rice seedlings. From this result we cannot immediately con- 
clude that the toxic action of aluminium chloride is due to the 
hydrogen ions formed by the hydrolysis of the salt in solution 
unless we have a reliable measurement of the hydrogen ion con- 
centration in aluminium chloride solutions, because, though 
aluminium chloride is hydrolyzed in solution, we cannot consider 
that the hydrolysis is complete and that the concentration of 
hydrogen ion is the same as that in a solution of hydrochloric 
acid of the same normality. 

An examination of the literature failed to reveal any data on 
the degree of hydrolysis or concentration of hydrogen ions of 
aluminium chloride solutions. I have, therefore, measured the 
concentration of hydrogen ions in some of the above mentioned 
solutions of aluminium chloride by the method of the gas chain. 
Details of the apparatus and method of manipulation are now too 
well known to require description. For the determination I had 
the assistance and apparatus of Mr. C. L. A. Schmidt, to whom I 
express my thanks. The concentration of hydrogen ions was 
measured in the solution of 555, aluminium chloride, which seems 
to be a critical concentration of toxicity, and in two other dilu- 
tions, that is, ; 599 aNd 5499, Which are toxic to the growth. The 
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result obtained is as follows. The concentration of hydrogen 
ion of hydrochloric acid in same normality was also calculated 
under the supposition that the hydrochloric acid is completely 
dissociated into hydrogen and chlorine ions in such dilutions. 

















TABLE II. 
Concentration. 
N N | N 
1.000 5,000 | 7,500 
ical. a's ge eet ac 1.000 10-4 2.000 10-4 1.330 10~* 
BE sivekievictasvssmnad oe 0.716 10-* | 0 .505X 10~* 
eS TN 0S 5 hb-e ks Fe 1: 0.317 1: 0.358 | 1: 0.379 





Though the results obtained by the determination are not very 
accurate, because the measurement was very difficult owing to the 
high internal resistance of such solutions, still the great differences 
between the hydrogen ion concentration in the aluminium chloride 
and hydrochloric acid solutions could not be attributed to the ex- 
perimental error. From this result it may therefore be safely 
concluded that the actual acidity of aluminium chloride solu- 
tions is less than that of hydrochloric acid. The toxicity of alu- 
minium chloride, as we have seen, however, appears to be al- 
most exactly the same as that of hydrochloric acid of the same 
normality. It is, therefore, clear that the acidity of aluminium 
chloride solutions is not the cause of the toxic action of the salt. 
The toxic effect of aluminium chloride solution must be due to 
other factors. 


SUMMARY. 


Taking the above results into consideration we may safely 
formulate the following conclusions: 

1. Aluminium chloride is toxic to the growth of rice seedlings 
even in dilute solution. 

2. The toxic effect of aluminium chloride upon the growth of 
rice seedlings appears in concentrations greater than 755. 

3. The toxicity of aluminium chloride seems to be approxi- 
mately equal to that of hydrochloric acid of the same normality. 

4. The toxic action of aluminium chloride is not due to the 
hydrogen ion formed by hydrolysis of the salt in solution. 
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5. The concentration of hydrogen ions formed by the hydrolysis 
of aluminium chloride is less than that formed by dissociation of 
hydrochloric acid of the same normality. 

6. Since the chlorine ion is not toxic to the growth of rice seed- 
lings in such dilute solution,’® colloidal aluminium hydroxide or 
unhydrolyzed aluminium chloride molecules or aluminium ions 
may be the toxic factors. 

7. The toxicity of soluble aluminium salts is dependent upon the 
amount of aluminium itself. The determination of soil acidity by 
titration in which the soil extract is titrated with standard alkali 
is a logical method of determining the amount of bases which 
should be added to the soil for the amelioration of its infertility; 
because, although the titration does not indicate the true acidity 
of the soil, yet it does afford a measure of the bases which must 
be added to neutralize the free acid and decompose the alumin- 
ium salts, either or both of which may be responsible for the 
infertility. 


In conclusion, the author wishes to express his thanks to Dr. 
T. Brailsford Robertson for his kind advice during this experi- 
ment. 


10 Miyake, K., Tr. Sapporo Natural History Soc., Japan, 1914, v, 91. 
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SOLUBILITY DATA FOR VARIOUS SALTS OF LAURIC, 
MYRISTIC, PALMITIC, AND STEARIC ACIDS.* 


By C. A. JACOBSON anp AUGUST HOLMES. 


° vy . , . e > ~ | 
(From the Department of Chemistry, University of Nevada, Reno.) 
(Received for publication, March 15, 1916.) 


The isolation of individual members of the higher saturated 
fatty acids, when occurring in mixtures of such acids, has always 
been fraught with considerable, if not insurmountable difficulties. 

The authors, in their characterization of the constituents of 
alfalfa seed oil,! were confronted with the same difficulties. After 
applying all the known methods that were available for these 
separations, and finding that unsatisfactory results were ob- 
tained in every case when artificially prepared mixtures of the 
fatty acids were employed, it was decided to investigate the solu- 
bilities of various salts of lauric, myristic, palmitic, and stearic 
acids in a number of organic solvents as well as in water. 

It was hoped that the solubility data thus obtained would fur- 
nish the means for a scheme of separation of the different acids, 
but just how far these anticipations were realized will be discussed 
in another paper. 

The property of solubility has furnished the basis for more sys- 
tems of separation of chemical substances than any other, although 
differences of melting point, boiling point, and volatilization in 
steam are properties upon which schemes of separation have been 
founded. 

The following tables include the solubility of the lithium, 
magnesium, beryllium, barium, lead, and silver salts of lauric, 
myristic, palmitic, and stearic acids in two or more of the follow- 
ing solvents: water, ethyl and methyl alcohol, ether, benzene, 
ethyl acetate, methyl acetate, amyl alcohol, amyl acetate, chloro- 


* This investigation was carried out at the Nevada Agricultural Experi- 
ment Station with funds obtained under the Adams Act. 
! Jacobson, C. A., and Holmes, A., J. Am. Chem. Soc., 1916, xxxviii, 480. 
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form, and acetone, at room temperature, 25°, 35°, and 50°, 
whenever the boiling point of the solvent permitted. 

The solvents were selected according to their most probable 
applicability along this line. They were of the highest purity 
obtainable and always redistilled whenever any question as to 
their purity arose. In general the salts of the fatty acids were 
made from the acetates of the metals, but a detailed description of 
the preparation of each salt will be given in connection with its 
table of solubilities. 

An excess of the salt to be investigated was put into a 100 cc. 
round bottom flask having a neck about 5 inches long. Four 
such flasks were used at the same time for the four different salts 
of a given metal and the flasks filled nearly full with the solvent 
to be employed. The flasks were then stoppered and clamped in 
a shaking device, which was so arranged that the flasks, excepting 
the upper part of the necks, were immersed in a bath of water 
whose temperature was kept constant to within 0.5°. An elec- 
tric motor was used for shaking the flasks in the water bath and 
the agitation continued for 2 hours after the liquid in the flasks 
had assumed the temperature of the water in the bath. The 
shaking was then interrupted and the suspended matter allowed 
to settle, after which about 10 cc. of the solution were rapidly 
drawn off with a carefully calibrated pipette, the solution was 
weighed in a covered weighing tube, and finally the solvent evap- 
orated off. From the weight of the residue in the weighing tubes 
the solubility was calculated in terms of gm. of salt, soluble in 
100 gm. of solvent. 

We did not attempt to obtain absolute solubilities in any case, 
although most of the data here submitted will approach the abso- 
lute values very closely. It has been learned that in some in- 
stances a 6 hour shaking in contact with the solvent is not suffi- 
cient to secure maximum solubility, but for the solvents used the 
difference between the solubility after 2 and 6 hours’ shaking is 
so slight that for all practical purposes it may be neglected. 
Amy] alcohol may be considered an exception to this rule for it 
was found that a 2 hour shaking in most cases did not suffice 
to produce a saturated solution. The results recorded under this 

solvent are those obtained after 2 hours’ shaking, making them 
comparable with those of the other salts. 
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In the first table will be found the results of analyses of the 
four fatty acids and their salts which were employed in obtaining 
the following solubility data. 























TABLE I. 
Laurie acid. : Myristic acid. | Palmitie acid. | Stearic acid. 
M. p. found.... | 43.0° | 49.7° 61.4° 69 0° 
M. p. given... - ) 2a 1 eer 62.0° 69 .2° 
Neutralization value 

is ae” ee 220.4 199.3 
Neutralization value | 

calculated........... 280.5 246.1 219.1 197.5 
M. p. Li salt........ . ./229.2-229.8°|223.6-224.2°| 224-225° |220.5-221.5° 
Per cent of Li in Li 

gant fownd...i....... 3.44 2.91 2.58 2.38 
Per cent of Li calcu- 

eS saith diy 5 aie 3.48 2.99 2.66 2.41 
M. p. Mg salt.........} 150.4° 131.6° 121-122° 132° 
Per cent of Mg in Mg 

Gane Gemmee..........: 5.73 5.09 4.51 4.20 
Per cent of Mg calcu- 

ME heh: bss dlacis 5.75 5.08 4.54 4.11 
M. p. Pb ealt......... 104.6-104.8°|108 .6—-108 .8°/112.2-112.4°|115.6-115.8° 
Per cent of Pb in Pb 

salt found........... 33 .66 31.01 28 . 24 26.50 
Per cent of Pb calcu- 

RES Fase 34.28 31.31 28 . 86 26.77 
Per cent of Ba in Ba | 

Se is cucias ss 25.82 24.20 21.62 19.60 
Per cent of Ba calcu- | 

oO a anes 25.64 23.22 21.20 19.52 
M. p. Ag salt......... 212-213° 21° | 200° 205° 
Per cent of Ag in Ag 

salt found........... 34.78 32.45 | 29.74 28 05 
Per cent of Ag calcu- 

MN sc Mr Ses ed | 35.12 32.20 |. 29.72 27.58 





In Table II will be found the analyses of the beryllium salts 


of the four fatty acids which were prepared in the following man- 
ner: To 10 gm. of the acid dissolved in 95 per cent alcohol (the 
solution neutralized with alcoholic ammonium hydroxide, using lit- 
mus as the indicator), a calculated amount of beryllium nitrate 
dissolved in alcohol was added. The resulting precipitate was 
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washed several times with boiling alcohol, both by decantation 
and in a filter, then dried and subjected to analysis with the fol- 
lowing results. 
TABLE II. 










































l 
Be laurate. me ~ “eg a Be stearate. 
Per cent of Be found.............. 3.71 3.48 3.08 2 81 
Calculated for Be (Ac)s............ 2.23 1.96 1.75 1.58 
; Found . - m= y 
Ratio: — Re cet Be 1.66 1.77 1.76 1.78 
Calculated ‘ 
Hence, calculated for Be(OH)Ac.. 4.04 3.59 3.23 2.87 
Per cent of C found...............| 68.85 66.19 67.95 70.17 
Calculated for Be(OH)Ac......... 63.91 66.33 68 . 23 69.81 
Per cent of H found...............} 10.93 10.90 11.53 11.91 
Calculated for Be(OH)Ac......... 10.74 11.13 11.48 | 11.73 
| 





The above results show that the basic salts of beryllium with 
the formula Be(OH)Aec were obtained rather than the normal 
Be(Ac)> salts. They were found to be only very slightly soluble 
in the general organic solvents, but for the sake of completeness 
their solubilities were determined in ethyl and methyl! alcohol at 
25°. Table III contains these data. 













f TABLE III. 
Solubility of Aeid-Salts of Beryllium at 25°. 





: : - 
Laurate. | Myristate. | Palmitate. | Stearate. 


| 




















Ethyl alcohol 





. salt 
Bette i oe da lan 0.004 | 0.004 | 0.004 
100 gm. solvent ‘ 
Methyl! alcohol 
gm. salt 








Lid cds eek wins 0.050 0.047 0.042 0.040 











100 gm. solvent 








Table IV contains the solubility data for the lithium salts pre- 
pared by adding a calculated amount of lithium acetate to the 
alcoholic solutions of the respective fatty acids. The precipi- 
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tates formed were dissolved in boiling alcohol and the solutions 
allowed to stand over night in a cool place. The salts that had 
separated were washed and dried. 


TABLE IV. 


Solubility of Lithium Salts in Ethyl Alcohol (Absolute). 















































| Salt 
Salt. Solution. | Solvent. | in 100 gm 
solvent. 
Temperature 20° 
gm.- an. prey qm. 
RN Ss a | 0.0313 7.79 7.76 0.403 
RET PER aap Ll 0.0147 7.57 | 7.55 0.194 
NG fo ce ee oe .....| 0.0075 | 7.81 7.80 | 0.096 
ame RR cea ra ale il | 0.0056 | 7.74 | 7.73 0.072 
| | 
Temperature 25.4° 
Laurate.....0............00....] 0.082] 7.69 | 7.66 | 0.447 
Sala Saati a sale | 0.0174 | 7.77 | 7.76 0.224 
BE ee | 0.0092} 7.80 | 7.79 | 0.118 
San el Pe eee Fp | 0.0060] 7.78 | 7.78 | 0.089 
TER asevcecniiosn onicccemrtccceciaaeon A ema Maa caenage koccansi 
Temperature 35° 
(eee ncitiniabetndain pe Cat ta — eed biiicaitimeea 
Laurate..... COON Dee MNS cere CEN | 0.0418 | 7.69 | 7.65 | 0.546 
Myristate...... RTE SERS ee ..| 0.0215 | 7.74 7.72 | 0.278 
*  Palmitate..... Seeerrrer ete 0.0110 rr 7.76 0.142 
SE ne pel eo a eet: TR 0.106 
| | | 
Temperature 50° 
a mar Sits oan . we | sr en | ve Fae | 
| SRR gatos Ronee -..as+-| 0.0504] 7.66 | 7.60 | 0.782 
OE Sinn cade rccegnsss sence: a; 2 7.66 0.435 
Rn ne | 0.0190 | 7.64 7.61 | 0.248 
NIC 4) sa ve ds Re eee | 0.0154 7.69 7.67 | 0.200 
a Wo ; 5M SMG. Tae Seah Sts 
Temperature 65° 
cet aes ——— i Jp we ae 
Laurate....... Phe J shagveaee ae 7.2 | 7.20 1.149 
Myristate........ aot | 0.0490 1.38 | 7.33 0.669 
Palmitate..... presets, | 0.0306 | 7.85 7.82 | 0.391 
Stearate. . 7.42 7 


0.0256 | 


69 | 0.333 
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The solubilities here recorded are practically the absolute 
solubilities of the salts used, if the results of Partheil and Ferié 


can be taken to represent absolute solubilities. 


TABLE V. 
Solubility of Lithium Salts in Methyl Alcohol. 


















| 


| Salt. Solution. | 








in 100 gm. 
solvent. 


Solvent. 





Salt 








Temperature 15.2° 








gm. 

a re ee eae et ly 0.2442 7 aa 
ho eo aa das Sk Ua atc | 0.1055 7.95 7.84 
he tt on Na ase aa 0.0486 7.94 7.89 
ES ee rer? ae ere vl 0.0321 9. 
























1.346 
0.616 












Temperature 25° 





































































SE dal Se dike puke, wee peaked 0.2883 ¥ 
ch le a sce mnlowariacens 0.1299 7.86 7.73 1.680 
Sud cae Os cin e'e vexed waren 0.0604 7.89 7.83 0.771 
NS Sie bs snc Rema veeed 0.0344 7.85 7.82 0.439 
Temperature 34.6° 
as dis 4 ine 5: ag & ce renee Yah ad 0.3463 7.88 7.53 4.597 
I nc ciale cde c wih 0 ¥ «> aaa 0.1684 7.85 7.68 2.193 
I, iis iene cs bc ode ale oo waa _ 0.0850 7.82 7.83 1.086 
IRS Sis on i sn gh ove dh Seki | 0.0513 | 7.84 7.79 | 0.658 
Temperature 50° 
aK ocala a 6 cath nn wk Se 0.4487 7.82 7.37 6.088 
I la hie Ni sieda cian 9 oaaaelh 0.2329 7.49 7.25 3.281 
taka. ss Saga 6o's karen 0.1252 7.65 7.52 1.652 
I Saas bine 04ph-se ok boats 0.0810 7.76 7.68 1.057 





* Partheil, A., and Ferié, F., Arch. Pharm., 1903, eexli, 545. 

















TABLE VI. 
Solubility of Lithium Salts in Water. 








































































































| ~ Salt 
| Salt. Solution. | Solvent. | in 100 gm. 
| solvent. 
Temperature 16.3° 
gm. gm. gm. gm. 
AE LESINGAY Ear Rap aera Santer | 0.0152 | 9.86 9.84 | 0.154 
ES ae Saf ap 0.0027 9.85 9.85 0.027 
PRRStie swerve ewrcstuededias 0.0010 9.84 9.84 0.010 
SG hac oh Ss cas + eke Pena ba ces 0.0009 9.86 9.86 0.009 
, Temperature 25° 
EE A PR LE yee 0.0184 9.86 | 9.84 0.187 
IN ii ay i oisks caen'd hh A | 0.0039 | 10.83 10.83 0.036 
I ico: 05d ) sew eas Sei _ 0.0015 9.85 | 9.85 0.015 
NII Fido: tie’ sucoieuanuaderesceane | 0.0010} 9.83 | 9.83 | 0.010 
Temperature 35 
AD EP 2 eer eee ; : | ew 
i tnchtekensdcat st tascnkess> | 0.0203 9.83 | 9.81 0.207 
RR a a OM. — 0.0042; 10.01 °| 10.02 0.042 
IN 6 cd va hidahs ns spineless | 0.0015 | 9.83 | 9.82 | 0.015 
EE Pg a ee 9.12 | 9.12 | 0.010 
Temperature 50° 
MN ad dididc-ds Sac bak dave eee | 0.0274 | 9.81 | 9.78 0). 280 
ee ee eee ee | 0.0061; 9.79 | 9.79 | 0.062 
ND 60 2502 oo Se rer ee rer’ | 
SS oa cv a au kdss op ewes s CUE | A 
TABLE VII. 
Solubility of Lithium Salts in Ether. 
| Salt 
Salt. Solution. Solvent. | in 100 gm. 
| | | solvent. 
Temperature 15.8° 
| gm. | gm. | gm. gm. 
SS EEL AA EE BEAT | 0.0008; 7.20 | 7.20 | 0011 
ie ak A at IEE 0.0009! 7.00 | 7.00 | 0.013 
ne ccna oo tinnese ak on 0.0005 | 7.09 7.09 0.007 
INES oss s 604 xk a d'yasd awe | 0.0008 | 1:21 7 0.011 
——— ———EwE ' — — —E —EEEE 
Temperature 25° 
ae : wali 
RUIN bc Sie es Breas been SES | 0.0005 7.98 | 7.98 0.006 
Myristate...............0........-| 0.0008] 7.73 | 7.73 | 0.004 
|, ae eames es See | 5 | 0.0006 | 8.35 | 8.35 | 0.007 
Reeieite: i552. sei BBE: | 0.0008; 7.01 | 7.01 | 0.011 
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TABLE VIII. 
Solubility of Lithium Salts in Amyl Alcohol. 





Salt 
Salt. Solution. Solvent. | in 100 gm. 
solvent. 





Temperature 16° 





gm. 


Laurate....... oy .....| 0.0058 
Myristate 0.0024 
EP ee ee ee, Beery 0.0016 
Stearate 0.0008 

















Temperature 25.7° 





Laurate 0.0081 
ia ion 90-45 nh a ckpened & oalsapmibel 0.0036 
Palmitate 0.0024 
Stearate 0.0022 

















Temperature 35° 





TIES SEN Sh ea enna eT 7. ee 0.0101 
Ss 62 xe aw hee m 0.0052 
Palmitate 0.0028 
Stearate. . 0.0024 




















Myristate....... 
Palmitate 














TABLE IX. 
Solubility of Lithium Salts in Chloroform. 





Salt 
Salt. Solution. Solvent. | in 100 gm. 
solvent. 





Temperature 15.2° 





gm. 


Laurate 0.0010 
Myristate 0.0007 
Palmitate....... 0.0006 
Stearate 0.0007 
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TABLE X. 
Solubility of Lithium Salts in Amyl Acetate. 
























































Salt 
Salt. Solution. | Solvent. | in 100 gm 
solvent. 
Temperature 14.5° 
om. eT rea CR 
SEE EAP aE ene Se ee 0.0056 8.23 8.23 0.068 
es cw sd baad auwenieea 0.0031 8.40 8.40 0.037 
gi a Ie al ee 0.0023 6.07 6.07 0.038 
RS ie a ne eee 0.0028 8.13 8.13 0.034 
Temperature 25° 
EAs ee ae, et Up 0.0052 8.07 8.07 0.064 
sibs oe ici 4 kur nm carn Sea 0.0028 8.31 8.31 0.034 
a eer Ce 8.26 8.26 0.024 
SE a Es Pa ie ind a 0.0024 8.40 8.40 0.029 
Temperature 35° 
foie i es 2 8.02 | 0.061 
Myristate TS hc Pag PAM TO ee ES Peake gta bs | 0.0037 8.42 8.42 0.044 
oe ee 0.0031 8.44 8.43 0.037 
A A MCN em Se 7.81 7.81 0.031 














Temperature 50° 





Fen ee eS ee ene ee winiacd ASianig ik v0 


















































BS fo iwlh vp's.c nc da bawducve teens 0.0052 8.58 8.57 0.061 
SR a bios ose oc oR Se wae oan 0.0038 8.52 8.52 0.045 
DN Sc csics cacevtedov cen tees 0.0030 8.33 8.32 0.036 
RE OS Osiica ess cnn bocanoceene 0.0040 8.97 8.97 0.044 

TABLE XI. i 

Solubility of Lithium Salts in Methyl Acetate. # 

* Salt i 

Salt. Solution. | Solvent. | in 100 gm. 4| 

solvent. Fs 

Temperature 24.5° ¥ 

gm. gm. gm. gm. 3 

SS ics Rigen oak dan Beas 0.0027 | 10.22 10.22 | 0.026 ; 

GS cc Ca sesatescacdene ..| 0.0012 9.51 9.51 0.013 + 

ER cls: ka guidn ae ch Seba 0.0015 9.87 9.87 0.015 % 

Ss .4dvievan octdnceess stance ae 9.69 9.69 0.012 i 

. _ 





ae op 


1, Ce amy tnt el Rutten tM 
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TABLE XII. 


Solubility of Lithium Salts in Acetone. 





| ie ~ fat 
Salt. Solution. | Solvent. | in 100 gm. 


solvent. 


Temperature 15° 





gm. 
0.0234 
0.0322 
0.0338 
0.0437 








Temperature 25° 


0.376 





RN as a Bd | 0.0293 


_508 
706 


Palmitate....... | 0.0396 
0.0510 


I ding 5s xxccerin acs «beans oe 3.86 | 6.83 | 0.447 
| 
| 








Temperature 35° 


| 0.430 
0.502 
0.537 

| 0.663 





0.0329 
Se a errs 
Palmitate 0.0414 
Stearate ' 0.0509 


Sv 7 J 
aj aj “] AJ 











The magnesium salts were prepared by adding a slight excess 
of magnesium acetate to the warm alcoholic solutions of the 
fatty acids and the solution was set aside to cool. The laurate 
and myristate were recrystallized from hot alcohol while the 
palmitate and stearate were repeatedly washed with alcohol and 
dried. 





TABLE XIII. 
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Solubility of Magnesium Salts in Walter. 


Salt 




































































| Salt. | Solution. | Solvent. | in 100 gm. 
| solvent. 
Temperature 15° 
ie. ae eas gm. gm. gm gm. 
RE PNA Se garage oh 0.0010 9.85 9.85 0.010 
IID, «: Sah sla 59.4 s-aea.g ys + oe ee | 0.0006 9.87 9.87 0.006 
NS Sieh ia ok dn lec bss sh SOR — 0.0005 9.84 9.84 0.005 
SS ES ee One AEE = oe | 0.0003 | 9.85 9.85 | 0.003 
Temperature 25° 
Ad osha woo in-ca ws GOK a+ ole aaah | 0.0007 9.85 | 9.85 0.007 
I Ce 2, 5s ¥ dig eee ee 0.0006 9.73 | 9.73 0.006 
NG CALs es» sande oh +000 ae 0.0008 9.84 9.84 0.008 
ek din Sec aco 0 a | 0.0004 | 9.86 | 9 86 0). 004 
Temperature 35° 
Laurate....... ee re we renee 0.0010 9.83 | 9.83 0.010 
I is is 6 + + xg SS ae vc 0.0007 9.83 9.83 0.007 
es wi pweh aba s ont 0.0006 9.83 9.83 0.006 
cide Sess bani mads can beaien 0.0007 9.80 9.80 0.007 
Temperature 50° 
SE POE) Pee ee | 0.0026 9.81 9.81 0.026 
NEES SOLS Ss. wy om abwols acne aes 0.0014 9.79 9.79 0.014 
I ieee, ora aba'a wos RES 0.0009 9.82 9.82 0.009 
ee RR eats I Se 0.0008 9.79 9.79 0.008 








- 


















ee eee 
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TABLE XIV. 


Solubility of Magnesium Salts in Ethyl Alcohol (Absolute). 





: | Salt 
Salt. Solution. Solvent. | in 100 gm. 
solvent. 





Temperature 15° 





gm. 


Lamepate.i......... ...| 0.0404 8 : 0.519 
IND 5 eons cvedses's 0.0123 48 0.158 
Paimitate........... 0.0028 0.034 
ot a hicn ua onda e'y tae eee eee 0.017 




















Temperature 25° 
ae ree e 0.0459 
Myristate........... 0.0183 
a 0.0045 
Stearate. 0.0018 





0.591 
0.236 
0.058 
0.023 


a | 











a as | 





Temperature 35° 





0.805 
0.373 


0.0630 


~I 
or) 


Laurate | 

Myristate | 0.0287 
Palmitate | 0) .0066 | 0.085 
Stearate. . =f ; | 0.0024 | 0.031 


or 


NN 
san J 
_ 


oO 











Temperature 50° 





Laurate......... is i ey | 

Myristate a Re ..| 0.0440 | 67 | i 0.57 
Palmitate es 0.0116 | 0.151 
Stearate. | 
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TABLE XV. 
Solubility of Magnesium Salts in Methyl Alcohol. 





| Salt 
Solvent. | in 100 gm. 
| solvent. 


Salt. Solution. 











! 





Temperature 15° 






























































gm. gm. gm gm. 
SEE PES ees ee 0.0862 7.96 7.87 | 1.095 
iiss. sinks saeder nce heeas 0.0451 7.94 7.89 0.571 
SRE a eae rics oe cece 0.0180 7.93 7.92 0.227 
I tk aa Duan Watwie b eel 0.0066 7.93 7.92 0.084 
Temperature 25° 
J —_-——— 
SARE OTS Ee EE Se 0.0863 7.88 7.79 1.108 
PER TEPER e Tee 0.0594 7.84 7.78 | 0.763 
I oo Se ao ie anh . 0.0264 7.88 7.85 0.336 
oat ce grgigeliatca sel 0.0078 7.84 7.84 0.100 
Temperature 51.5° ¥ 
, — | oR we 
sg. os oor cs nic espe | 0.0384} 7.72 | 7.68 | 0.500 ; 
INI 3c x5 siis sie ak gan | 0.0128} 7.72 | 7.71 | 0.166 : 
TABLE XVI. ; 
Solubility of Magnesium Salts in Ether. & 
ae SS ‘inbieeabeaiaemeae dante cnteamblabs Bs 
| | | Salt Bi 
Salt. | Solution. | Solvent. | in 100 gm. ai 
solvent. i 
FS oe oe eee oes Bs 
Temperature 25° 1 
gm. gm. gm. an. % 
ae tt Seg 2, nalts ae cae 0.0011 7.14 7.14 0.015 
ss bs oud ks wp iaen 0.0007 6.82 6.82 0.010 s 
GAR RRR Per 0.0003 7.49 7.49 0.004 7 
a i or 0.0002 7.47 7.47 0.003 
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Solubility Data for Various Salts 


TABLE XVII. 
Solubility of Magnesium Salts in Ethyl Acetate. 





| Salt 
Salt. | Solution. Solvent. | in 100 gm. 
solvent. 





Temperature 15° 








gm. pra 
NE Beads vind wcoem bk s ~~ 0.0004 8. 8 | 0.004 
Myristate | 0. 8. 8.! 0.004 
Palmitate x : 8.¢ 0.004 
Stearate | ; 5. 8. 0.004 




















pamenee. 6... ..-. -...| 0.0010 5. 
ER Re | 0.0009 .76 | 0.010 
ES eee 8. 0.007 
| Rt aE 8. 8. | 0.008 








| 





Temperature 50° 





Laurate 00: 8.6: 8.62 | 0.024 
Myristate 8. 0.021 
Palmitate 6 0.013 
Stearate...........---. eee cence ees 0.0010 6: 8 0.011 














TABLE XVIII. 


Solubility of Magnesium Salts in Acetone. 





| | | Salt 
| Salt. | Solution. Solvent. | in 100 gm. 
| solvent. 








Temperature 15° 











gm. 


ET Ee ee eee eae et ee oy! 0.0092 
Myristate 0.0112 
Palmitate 0.0131 
Stearate 























Laurate 

Myristate 0.0113 
Palmitate 0.0125 
SERRE RE 0.0150 
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TABLE XIX. 


Solubility of Magnesium Salts in Amyl Alcohol. 





| 


Salt. Solution. 
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Salt 


Solvent. lie 100 gm. 


solvent. 





Temperature 15° 





| 
gm. | gm. 








gm. | gm. 























| 

EE TEPPER DE Ae 0.0151} 7.91 | 7.90 | 0.191 
IN ees. oss cane ae emer 0.0068 | 7.93 | 7.92 0.086 
ere tee eres fee 0.0034 | 7.99 7.98 | 0.043 
Stenrate........-......50-.e005+--| O.COM | 7.89 7.89 0.014 

Temperature 25° 
cok tv ales « + o'd.se a eaten anne | 7.89 7.88 | 0.236 
I ao cake 6 one tbo tnme ee Ae 0.0115 7.92 | 7.91 | 0.145 
RE aaa ert 4 0.0052 | 7.94 | 7.93 | 0.066 
cy Sites cstv sd eaes be enee 0.0014; 7.95 | 7.95 0.018 

Temperature 35° 
SEE TEE IRORE 0.1152} 7.89 | 7.78 | 1.481 
oe  EORPEEEE. RETO Tf ee 0.0344} 7.90 | 7.86 | 0.438 
TS ps errr 0.0082 7.85 | 7.84 0.104 
EE ee 7.88 7.88 | 0.039 

Temperature 50° 
Eee Sere ees 0). 3647 7.85 7.49 4.869 
hsb 59 9, cb Nine <0 RNS 0.1446 7.79 7.64 1.893 
REG ec cps ee Cader came 0.0205 7.81 7.79 0. 263 
PE Fads pC vols Choc cde ed 0.0082 7.82 7.81 0.105 
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Solubility Data for Various Salts 


TABLE XX. 





Solubility of Magnesium Salis in Amyl Acetate. 





| | Salt 
Salt. Solution. Solvent. | in 100 gm 
| sclvent. 


Temperature 15° 








gm. ° gm. 

Laurate .| 0.0100 0.119 
Myristate 0.0053 8.¢ 0.063 
Palmitate 0.0033 A; 0.039 
Stearate 0.0025 : 

















Temperature 25° 





Laurate 0.0135 
Myristate 0.0061 
Palmitate 0.0038 
Stearate 0.0027 | 











| 
' 








Temperature 34.6° 





Laurate . 0.0214 
Myristate 0.0087 
Palmitate 0.0047 
ESS ob SDncsn xy s 4540 4'nxeeeass 

















Temperature 50° 





Laurate........ 0.1553 .16 8.01 1.939 
Myristate 0.0491 .16 8.11 0.605 
Palmitate 0.0176 14 8.12 0.216 
Stearate 0).0094 17 8.16 0.115 














The barium salts were made by adding an alcoholic solution 
of Ba(OH), to the warm alcoholic solutions of the acids and then 
washing the precipitates formed with hot alcohol. Even upon 
exercising the greatest care, a small amount of BaCO; was formed 
and precipitated from the alcoholic solution, but on account of the 
very slight solubility of the carbonate in the solvents used, no 
appreciable error in the solubility data is introduced from this 
source. 





TABLE XXI. 


Solubility of Barium Salis in Water. 
































































































































Salt 
Salt. Solution. | Solvent. | in 100 gm. 
solvent. 
Temperature 15.3° 
gm. gm. gm. gm. 
ere Tee reer tr 0.0008 9.89 9.89 0.008 
| ee eee 0.0007 9.90 9.90 0.007 
PUNY sks 3 gos GaN sa cea oo eee 0.0004 9.90 9.90 0.004 
ES ee Ret es 0.0004 9.89 9.89 0.004 
Temperature 50° 
a a dickies. tn ativan ach Noemie 0.0011 9.77 9.77 0.011 
IE oi <kd non d cc ona oe 0.0009 8.72 8.72 0.010 
PRO S525 0s 00% veene vee ees 0.0007 9.84 9.84 0.007 
UN id iP aidss vivid cc beencnseee 0.0006 9.86 9.86 0.006 
TABLE XXII. 
Solubility of Barium Salts in Ethyl Alcohol (Absolute). 
Salt 
Salt. Solution. Solvent. | in 100 gm. 
| solvent. 
Temperature 16.5° 
gm. gm. gm. gm. 
SS Ry, ne Sane ere epee fa 0.0008 7.82 7.82 0.010 
I, hooves x0s.0 catebbed eruke 0.0007 7.84 7.84 0.009 
I ss xp eens tak bak eee eeeee 0.0007 7.84 7.84 0.009 
SG 3 0k «nn dshe bs cadis Aeceaanel 0.0005 7.81 7.81 0.006 
Temperature 25° 
IN is Bsa coasadns $s 400 ceee ee 7.78 7.78 0.010 
EE Or er rer aeee : F 0.0009 7.79 7.79 0.011 
NGS is is bce ne.w'a end oe 0.0007 7.76 7.76 0.009 
IRL a bb 0a ased Geen aretebenes 0.0008 7.79 7.79 0.010 
Temperature 35° 
NN Sion ing 044. oe cle neh 1 Rae 0.0010 7.72 7.72 0.013 
RT eee ee 0.0010 7.73 7.73 0.013 
EN i a adc) mbuwaink a ae 0.0009 7.73 7.73 0.012 
Ee See 7.74 7.74 0.010 
Temperature 50° 
Re oo snd qe hac ws area 0.0005 7.60 7.60 0.007 
SOD 5'c'svaa4 dire hes ove eee Meee 0.0003 7.67 7.67 0.004 
EI. «sic aun da wie ba aeees epee 0.0003 7.68 7.68 0.004 
IG 044.24 sscuneues veuaals 0.0002 7.67 7.67 0.003 
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Solubility Data for Various Salts 


TABLE XXIII. 
Solubility of Barium Salts in Methyl Alcohol. 





| ee Salt 
Salt. Solution. Solvent. | in 100 gm. 
solvent. 





Temperature 15° 





gm. 


Laurate 0.0066 
CSIR RS Salerro errs 0.0045 
Palmitate 0.0036 
CNS oe og oe an ue ues eet 0.0033 

















Temperature 25° 








Laurate......... ..| 0.0075 
Myristate ...| 0.0055 
Palmitate ' 0.0040 
ENS 6 Gh Si ueh ds <6 as es es eden 0.0038 











Temperature 35° 








Laurate........ 0.0094 
i i i Se 0.0068 
Palmitate | 0.0058 
Stearate 0.0050 


| 
| 
| 


| 
| 
| 
i 
| 
| 
| 














Temperature 50.5 








SE re eee | 0.0124 | 
Myristate af MS GPR) 0.108 
Palmitate......... . 0.0068 | | 0.088 
DP icc hla w ides vlsdsr suse ese ae 76 | 7 0.077 





TABLE XXIV. 
Solubility of Barium Salts in Ether (Distilled over Sodium). 





| _ Salt 
Salt. Solution. Solvent. | in 100 gm. 
| | solvent. 


| 





Temperature 25° 





gm. 


Laurate 0.0005 
_ Myristate | 0.0002 
Palmitate | 0.0001 
SN oss es o's o's + Rls Wa oo ol le ee 
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+ TABLE XXV. 
Solubility of Barium Salts in Amyl Alcohol. 


Salt 

















| 

Salt. | Solution. | Solvent. | in 100 gm. 

solvent. 

Temperature 25° 

gm. aa | fae gm. 

NS 6S s3k ou Gs sas ia eagun rae | 0.0007 | 7.93 | 7.93 | 0.009 
DES ois .c. eee | 0.0007 7.72 7.72 0.009 
a ee ee | 0.0006 7.94 7.94 0.008 
Stearate.......... 62. eee ee eee eee] 0.0006 7.90 | 7.90 0.007 








The lead salts were made by adding calculated amounts of lead 
acetate, dissolved in a mixture of alcohol and water to alcoholic 
solutions of the fatty acids. The stearate and palmitate pre- 
cipitates were washed by decantation with boiling alcohol and 
finally on the filter. The laurate was washed with cold alcohol 
and the myristate recrystallized from boiling alcohol. The salts 
were all amorphous powders except the laurate which comes down 
crystalline. 

TABLE XXVI. 
Solubility of Lead Salts in Water. 














| | | Salt 

Salt. | Solution. | Solvent. | in 100 gm. 

| | solvent. 

Temperature 35° 

| gm. gm. | gm. | gm. 
NN EERE Eee ee | 0.0009 9.85 | 9.85 | 0.009 
oe AE CROCE DIET | 0.0005} 9.85 | 9.85 | 0.005 
NII 9 5am stsbonialete sidiedarncan alk | 0.0005 9.85 | 9.85 | 0.005 
DUN cos aN cles ee roti ci as eee 9.85 | 9.85 | 0.005 





Temperature 50° 








EER I he TER ey. | (0.0007 g 82 


| 
SSS ee ears | 0.0006} 9.81 | 9.81 | 0.006 
EES RIE, Serer geet a | 0.0007 9 84 | 9 84 0.007 





ITS, oie are Ap aor Mees Sot — 0.0006 9 82 























Solubility Data for Various Salts 


TABLE XXVIIL. 
Solubility of Lead Salts in Ethyl Alcohol (Absolute). 





Salt 
Salt. Solution. Solvent. | in 100 gm. 


| solvent. 





Temperature 25° 





gm. 


OO TEER ET 
Myristate 0.0003 
Palmitate 0.0000 
Stearate 0.0000 

















° 


Temperature 35 





A 0.0025 
IR. dca s.4:« b ¢ 0'4-9inh bin « 0a ee 
Palmitate 0.0001 
Stearate 0.0001 

















Temperature 50° 





Daterete.......... wn ee 67 0. 264 
Myristate........ 0.0040 66 ; 0.052 
NS ngs sesict canaries 0.0009 .70 0.012 
SN a es a aie 0.0003 .66 66 0.004 
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TABLE XXVIII. 
Solubility of Lead Salts in Methyl Alcohol. 
| Salt 
Salt. Solution. in 100 gm. 
solvent. 
Temperature 15.5° 
gm. gm. . gm. 
ES a er ae mS 0.0048 7.91 7.90 0.061 
I vised és eden dcndexwdadeee 0.0044 7.87 7.87 0.056 
EIS ns bas dbs pe dae ve ee 0.0040 7.90 7.90 0.051 
IN eo, ws we doalawecatede 0.0031 7.90 7.90 0.039 
Temperature 25° 
Wo u8o, 8s codaccuuhos cles 0.0075 | 7.85 | 7.84 | 0.096 
NG A Ra Be om, 0.0061 7.85 7.85 0.078 
NG Os Bs cahiatdee Be tue 0.0054 7.87 7.86 0.069 
I is ne Nek bic Gal kchie hun v kes oO 0.0040 7.82 7.82 0.051 
Temperature 35° 
PE khabvawiuisebsedecben daee et 0.0088 7.79 0.113 
SING ii. dyes sclevadiaue aot feen 0.0064 7.81 0.082 
I 5 Che he ose woke he kink wa 0.0059 7.79 0.076 
ENING sisi: 'bce su aceleawoslbeccalaae 0.0048 7.81 0.062 
Temperature 50° 
i ee ce ee cee 0.0216 7.73 7.71 0.280 
no ous twa anignnn wieder 0.0092 7.70 7.69 0.119 
SD ceca. chan ad cewda kone 0.0072 7.72 7.71 0.093 
Se erro 0.0064 7.73 7.73 0.083 
TABLE XXIX. 
Solubility of Lead Salts in Ether (Distilled over Sodium). 
Salt 
Salt. Solution. in 100 gm. 
solvent. 
Temperature 14.5° 
gm. gm. . gm. 
EE at cL. <4 PN ey 0.0008 7.04 7.04 0.010 
rece fir bat heel ule 0.0009 6.96 6.96 0.013 
as oo iiedet canal ial 0.0007 7.05 7.05 0.010 
TERE ARO Sg aa oe My ete a 0.0005 7.04 7.04 0.007 
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Solubility Data for Various Salts 


TABLE XXX. 
Solubility of Lead Salts in Ethyl Acetate. 





Salt 
Solution. Solvent. | in 100 gm. 
solvent. 


| sat. 





Temperature 14° 





Myristate 
Palmitate 


Stearate. ... 


A Gea ab woe eo ase 0.0006 


gm. 
0.0015 
0.0009 
0.0008 

















Temperature 35.5° 





Palmitate... 
Stearate.... 


Meat é chs aulbayy ae Ree 0.0008 
bipeekskedcdvens uae 0.0007 


0.0031 
0.0013 

















Temperature 50° 





Laurate 
Myristate 
Palmitate 


EARS A 


0.0182 
0.0067 
0.0029 
0.0017 

















TABLE XXXI. 
Solubility of Lead Salts in Benzene. 





Salt 
Salt. Solution. Solvent. | in 100 gm. 
solvent. 





Temperature 15° 





Laurate 
Myristate 
Palmitate 


gm. ’ ; gm. 


0.0010 8.7 7 0.011 
0.0009 : 8.71 0.010 


0.0008 


0.009 
0.008 














Stearate 0.0007 





The silver salts were made by adding a calculated amount of 
ammoniacal silver nitrate dissolved in alcohol to alcoholic solu- 
tions of the acids. The white curdy precipitates resulting were 
extracted with hot 95 per cent alcohol, then washed on filters and 
dried. 
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TABLE XXXII. 
Solubility of Silver Salts in Water. 













































































| Salt 
Salt. Solution. Solvent. | in 100 gm. 
| solvent. 
Temperature 35° 
gm. gm. gm. gm. ; 
EEE OF OCI ET ENS yt A? hci oe oi - od ; 
ER SR AES, Sa, aie Si sete 0.0006 9.28 9.28 0.007 
SRS ES a OPER Gat no eee 2a 0.0004 9.85 9.85 0.004 
RRS aR SA yer se ES 0.0004 9.85 9.85 0.004 
Temperature 50° 
SESS RPE OND GEN oir ORIEL - Me - + 
EN aie a et Ae ey ee 0.0007 9.83 9.83 0.007 
Ean SRA pape leet aie mali ge) 0.0006 9.80 9.80 0.006 
SL 3. db bays UPd bed beeen 0.0004 9.82 9.82 0.004 
TABLE XXXIII. 
Solubility of Silver Salis in Ethyl Alcohol (Absolute). 
| Salt 
Salt. Solution. Solvent. | in 100 gm. 
solvent. 
Temperature 25° 
gm. gm. gm. | gm. 
EN iiak a «5-555 oun oeew no ceee 0.0007 7.78 7.78 0.009 
I ici: Sane des Ke ae Ree eae 0.0006 7.76 7.76 0.008 
aa oti eS ee eae 0.0005 7.77 7.77 0.007 
NS he hed ot oe cou sy wa cee a 0.0003 7.77 7.77 0.007 
Temperature 50° 
EES RS es ea By 0.0007 7.68 | 7.68 0.009 
oes easy creing ace cae 0.0006 7.67 | 7.67 0.008 
SEB aRAAPESE RRapa e 3 § 0.0005 - ie © | 0.007 
| a = — 
ERE Rice ase are Dame a) 0.0005 7.67 | 7.67 0.007 

















Solubility Data for Various Salts 


TABLE XXNIV. 
Solubility of Silver Salts in Methyl Alcohol. 





| | Salt 
Salt. | Solution. | Solvent. | in 100 gm. 
| | 


solvent. 





Temperature 15° 





gm. ; ; gm. 


sk sig chap natale ¢ pale an 4 0.074 
Myristate 0.0050 8S 8S 0.063 
Palmitate 0.0048 § 0.060 
Stearate 0.0040 : 0.051 

















Temperature 25° 





Laurate 0.0056 
is Sukincd as sigstia'ain a coca 0.0053 
Palmitate 0.0046 
IS 6b Co 8 da kos dnd cee 0.0041 

















Temperature 35° 





Laurate 0.0061 
Myristate 0.0055 
Palmitate 0.0048 
Stearate 0.0043 

















Temperature 50° 





Laurate 0.0064 
Myristate 0.0056 
Palmitate 0.0051 
Stearate 0.0046 


0.083 
0.073 
0.066 
0.060 


~I *-J *~J =] 
—e Do © 
ts Mt Mi 

















TABLE XXXV. 
Solubility of Silver Salts in Ether (Distilled over Sodium). 





Salt 
Salt. Solution. Solvent. | in 100 gm. 
solvent. 





Temperature 15° 





gm. ° gm. 

Laurate 0.0007 5.98 0.010 
Myristate 0.0006 02 0.009 
Palmitate 0.0006 Wi j 0.009 
sisi i's Sais Oa hae hs Dae ORT 0.0005 é 0.007 
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CONCLUSIONS. 


From the above tables it is seen that the solubility of all the 
salts of the four fatty acids in the various solvents tried is only 
slight, but that considerable differences are found not only among 
the several salts in the same solvent, but also for the same salts in 
the different solvents. 

The solubility in any case rarely exceeds 1 per cent, but was 
found to vary between 6 per cent and virtual insolubility. Methyl 
alcohol was found to be the best general solvent for this class of 
substances. 

The lithium salts were found to be about three times as soluble 
in methyl alcohol and acetone as the magnesium salts, while the 
latter are more soluble in ethy! alcohol than the former. 

It is also seen that the lithium salts are a great deal more soluble 
in water than the magnesium salts, but the difference is not a 
constant ratio for the different temperatures. 

The beryllium salts of the fatty acids were made, but contrary 
to expectations we found that the basic salts, rather than the nor- 
mal, were formed. 
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THE SEPARATION OF LAURIC AND MYRISTIC ACIDS 
FROM EACH OTHER AND FROM MIXTURES 
OF OTHER FATTY ACIDS.* 


By C. A. JACOBSON anp AUGUST HOLMES. 
(From the Departmeyt of Chemistry, University of Nevada, Reno.) 


(Received for publication, March 15, 1916.) 


With the preceding paper! as a basis, the authors have suc- 
ceeded in working out what appear to be practical methods for the 
isolation of lauric and myristic acids when present in mixtures of 
the higher fatty acids. 

By way of introduction it should be said that, in general, all 
fatty acids occurring in nature may be classified in three main 
groups: the saturated, unsaturated, and hydroxy acids.2. The 
acids of these three major groups may be subdivided into sub- 
groups, either with reference to properties or molecular structure. 
The saturated fatty acids are best adapted to a property classifi- 
cation, while the acids of the other two groups may be classified 
with respect to their molecular structure. According to this 
grouping the hydroxy acids are subdivided into mono-, di-, tri-, 
etc., hydroxy acids, and the unsaturated acids into those having 
a double bond, such as oleic acid; a triple bond, such as stearolic 
acid; and a double and triple bond, such as ricinstearolic acid. 
The property relations of these subgroups have not been worked 
out satisfactorily. 

The differential grouping of the saturated acids, with which 
this paper has to deal, is based on property relations, which may be 
formulated as follows: Group I, all the lower members up to and 
including caprylic acid. These are all capable of distillation at 


* This investigation was carried out at the Nevada Agricultural Experi- 
ment Station with funds obtained under the Adams Act. 
1 Jacobson, C. A., and Holmes, A., J. Biol. Chem., 1916, xxv, 29. 
? This is on the assumption that the amino and other substituted fatty 
acids are excluded. 
55 
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56 Lauric and Myristic Acids 


atmospheric pressure without decomposition, and are more or less 
easily soluble in water. The Reichert-Meissl number is a fairly 
accurate criterion for the quantity of Group I acids in a given 
sample. Group 2, all the acids between and including capric and 
stearic acids. These are more or less soluble in cold and hot 
90 per cent alcohol; but a regular gradation in solubility is found 
between the upper and lower members of the group. They can- 
not be distilled at ordinary pressures without decomposition, 
although they are volatile with steam. Group 3, all acids above 
stearic acid. They are practically insoluble in cold 90 per cent 
alcohol, and in general not volatile with steam. 

For the separation of the fatty acids into these groups, as well 
as for the isolation of individual members of each group, a large 
number of proposed methods are to be found in the literature. 
A discussion of all those not bearing more or less directly upon 
the separations in Group 2 of the saturated acids, will be omitted. 

This grouping is arbitrary, and the authors have been unable 
to find any property that would exactly fit one group to the exclu- 
sion of those adjacent. To illustrate, if we were to distill a mix- 
ture of the saturated fatty acids of Groups 1 and 2, we should find 
that certain amounts of some of the so called soluble volatile fatty 
acids of Group 1 would remain behind, and certain fractions:of a 
few of the acids of Group 2 would be found in the distillate. 

The Reichert-Wollny process* is perhaps the best for deter- 
mining the acids of Group 1, and the Gusserow-Varrentrapp, lead- 
salt-ether method‘ the best for separating the unsaturated acids 
from the acids of this group. Various other methods for these 
separations have been proposed, but certain undesirable features 
accompany all of them. 

The quantitative separation of the acids of Group 2 from those 
of Group 3 of this series is also fraught with considerable difficulty, 
but the method of dissolving in boiling 90 per cent alcohol and 
cooling to room temperature, using the proper concentration of the 
solution, would appear to be the best at present. 

For the separation of individual members of Group 2, to which 
lauric and myristic acids belong, various methods have been pro- 
posed, such as the fractional precipitation of their salts, the frac- 


3 Reichert, E., and Wollny, R., Analyst, 1900, xxv, 309. 
* Varrentrapp, F., Ann. Chem., 1840, xxxv, 197. 
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tional distillation in vacuo of the acids, and of their methyl and 
ethyl esters. 

Gsell’ worked out a method for separating capric acid from the 
other members of this group by making anhydrides of the acids 
in ethereal solution, dissolving in pyridine, and pouring this solu- 
tion into water. He says the mixed anhydride of capric acid will 
remain dissolved, while the normal anhydrides of the other acids 
will be precipitated. Lewkowitsch® attempted to make anhy- 
drides of these acids, but from his results he concluded that ‘the 
acid values found for the products of the interaction of acetic 
anhydride and fatty acids lose every quantitative meaning.” 

For the separation of stearic and palmitic acids, Kreis and 
Hafner’ have worked out a modification of Hehner and Mitchell’s 
method,* but it is not found to be entirely satisfactory. 

The authors tested out experimentally two well known methods 
for the separation of the fatty acids in this group, but the results 
were far from satisfactory. The methods tried were Facchini and 
Dorta’s,® and Partheil and Ferié’s.!° The former method depends 
upon the difference in solubility of the potassium soaps in acetone 
at different temperatures, while the latter depends upon the dif- 
ference in solubility of the potassium soaps in 50 per cent and 100 
per cent alcohol. 

Following are the results from the latter method: 0.500 gm. of 
each of lauric, myristic, palmitic, and stearic acids were dissolved 
in alcohol, neutralized with 0.2 nN alcoholic potash, the volume was 
made up to 200 cc. and sufficient water added to bring the concen- 
tration of alcohol to 50 per cent by volume. The acids were precipi- 
tated by adding 10 per cent lithium acetate in 50 per cent alcoholic 
solution. The mixture was then heated until all the salts passed 
into solution, and set aside to cool. The crystallized salts thus 
obtained were filtered off, giving Precipitate I in Table I, and the 
filtrate was treated with 10 per cent aqueous lead acetate, filtered, 
washed, and the fatty acids were liberated with hydrochloric acid. 


5 Gsell, J., Chem. Zeit., 1907, xxxi, 100. 

6 Lewkowitsch, J., J. Chem. Soc., 1890, Proc. 92. 

7 Kreis, H., and Hafner, A., Ber. chem. Ges., 1903, xxxvi, 2766. 

8 Hehner, O., and Mitchell, C. A., Analyst, 1896, xxi, 320. 

® Facchini, S., and Dorta, W., Chem. Rev. Fett.-u. Harz-Ind., 1912, xix, 77. 
10 Partheil, A., and Ferié, F., Arch. Pharm., 1903, cexli, 545. 
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The acids thus obtained constitute Precipitate II. Precipitate I 
was boiled with absolute alcohol, the solution allowed to cool, the 
precipitate formed was filtered and washed, which constitutes 
Precipitate III. Precipitate IV was obtained by evaporating the 
filtrate from Precipitate III to dryness. 

The fatty acids of Precipitates II and III were liberated from 
their lithium soaps by hydrochloric acid, washed, dried, and 
weighed. The neutralization values of the acids from these pre- 


TABLE I. 





b 





Precipitate I. 
J Gm 


7 | Per cent 


Precipitate II. 
eR irtininecans 


Neutralization value 


Per cent lauric acid 
“= gees “ 


Precipitate ITI. 


Neutralization value...... 


Per cent stearic acid 
“saa 


Precipitate IV. 


Per cent palmitic acid... . 


“< “é ““ 


myristic 





1.300 
63.4 


(With 100 ec. 


absolute 
alcohol. ) 


0.603 gm. 
266 
60 
40 


0.940 gm. 
214 
29 
71 


0.339 gm. 
232 
52 


45 








0.888 
43.3 


(With 150 ce. 


absolute 
alcohol.) 


0.996 gm. 


252.5 
19 
81 


0.716 gm. 


207 .9 


9 
_ 


48 





1.092 
53.3 
(With 150 cc. 
absolute 
alcohol.) 


0.765 gm. 
258 
35 
65 


0.913 gm. 
209.1 
46 
54 


0.149 gm. 
236 
37 
63 





cipitates were obtained and will also be found in Table I. It was 


oe 


learned that the amount of lithium acetate added influenced the 
character of the soap mixtures in the different precipitates. Un- 
der Column a will be found the results obtained when a large ex- 
cess of lithium acetate was added; under Column b, when 10 cc. 
of a 10 per cent solution were added; and under Column c, when 
20 ce. of the acetate were used. 

The results here obtained indicate that no quantitative separa- 
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tion can be obtained by this method, but that a small amount of 
pure palmitic acid was isolated in Precipitate IV by using 10 ce. 
of lithium acetate solution and 150 cc. of absolute alcohol as the 
solvent. The yield, however, was only 31.2 per cent in this case. 
The results from the method of Facchini and Dorta were no more 
encouraging. 

From an inspection of the solubility data of the salts of lauric, 
myristic, palmitic, and stearic acids given in the preceding paper,' 
we learn that only two possible methods for separations appear. 
They are as follows: First, it is shown that lithium laurate is about 
five times as soluble in water as lithium myristate, the next 
higher salt, at the four temperatures investigated, and this sug- 
gests the possibility of extracting the laurate from a mixture of 
lithium salts with water or the precipitation of the three salts 
from water, retaining the laurate in solution. Second, it is seen 
that the solubility of magnesium myristate is about five times as 
great as magnesium palmitate in absolute alcohol at 15° and 25°, 
suggesting the possibility of separating the myristate from the two 
higher salts after the lauric acid has been removed as the lithium 
salt by the foregoing method. 

‘To test these possibilities, the following experiments were 
carried out. 


Experiment 1.—0.5 gm. of each of the four fatty acids were weighed 
out, mixed, and dissolved in strong alcohol, and the solution was neutral- 
ized with 0.2 N alcoholic potassium hydroxide. The mixed acids had a 
neutralization value of 231.3; calculated value for the mixture: 235.8. 
The alcohol was evaporated off and the soaps were taken up in 300 ce. 
water, after which a calculated amount of lithium acetate was added to 
make the lithium salts. The mixture was boiled, cooled, and filtered. 
The precipitate thus obtained weighed 1.65 gm., or was a yield of 80 per 
cent. The filtrate was evaporated to three-fourths of its volume, cooled, 
filtered, and the fatty acid liberated with dilute hydrochloric acid. The 
acid, weighing 0.155 gm., had a neutralization value of 271, whereas the 
corresponding value for lauric acid is 280.5. 


These results suggested the possibility of a separation by this 
method upon varying the conditions somewhat. 


Experiment 2.—Again, a mixture of 0.5 gm. of each of the four acids 
was converted into potassium soaps and, after evaporating off the alcohol, 
was taken up in 400 cc. of water and precipitated with a slight excess of 
lithium acetate solution. In this case the precipitated lithium salts 
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weighed 1.562 gm., equivalent to 1.527 gm. of acid mixture, which was 
76.3 per cent of the original acid mixture, whereas 75 per cent should have 
been obtained if the separation had been perfect. 

The filtrate was concentrated to one-half its volume, cooled, and fil- 
tered, yie'ding a precipitate weighing 0.208 gm., and the acid obtained 
from this precipitate yielded a neutralization value of 278.3, and had a 
melting point of 43.2°, whereas the acid obtained by evaporating the fil- 
trate to dryness gave a neutralization value of 271.2 and the same melting 
point. Calculated for laurie acid: 280.5 and 43.6° respectively. 

The water-insoluble salts from this separation yielded an acid mixture 
having a neutralization value of 217.5, whereas a mixture of equal quanti- 
ties of myristic, palmitic, and stearic acids gives a neutralization value of 
220.9. 


It was next tried to separate myristic acid from a mixture of 
the three higher acids of this group by means of the difference in 
the solubility of their magnesium salts in absolute alcohol, but 
the experiments resulted unsuccessfully, doubtless because of the 
influence of one salt exerted upon the solubility of the others, in 
this solvent. Instead of absolute alcohol, 50 per cent alcohol was 
used as the medium in which the precipitation of the magnesium 
salts was carried out, according to the conditions given in the fol- 
lowing experiment. 


Experiment 3.—0.5 gm. each of magnesium myristate, palmitate, and 
stearate were digested with 60 cc. of 50 per cent alcohol for 2 hours at 
60°, then cooled, and filtered. The fatty acids were liberated from the fil- 
trate, washed, dried, and weighed, giving 0.270 gm. with a melting point 
of 48.6° and a neutralization value of 243. Since the yield was only about 
one-half of what it should be, the insoluble salts were again extracted 
with alcohol in the same manner, yielding an insoluble residue weighing 
0.928 gm. This time the acids were liberated from the insoluble residue 
and after being recrystallized from 60 per cent alcohol showed a melting 
point of 56.5° and a neutralization value of 209.3. Calculated for a mix- 
ture of equal parts of stearic and palmitic acids: 56.4° and 208.3 respectively. 


The acids obtained from this insoluble residue must therefore 
be a mixture of equal quantities of stearic and palmitic acids, 
showing that the myristic acid had been almost completely 
removed. 

A subsequent experiment using 100 cc. of 50 per cent alcohol did 
not yield as good results as the foregoing hut a fairly good sepa- 
ration was effected. 

During the course of the investigation it was noticed that after’ 
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neutralizing an alcoholic solution of these fatty acids with alco- 
holic potassium hydroxide, and allowing the solution to stand 
over night, a white crystalline and a gelatinous precipitate ap- 
peared in the flask the next morning. These two were so dif- 
ferent in properties that they could be separated by decantation, 
but upon investigation it was found that both forms yielded prac- 
tically the same fatty acid mixture. Whether they represented 
allotropic modifications or simply crystalline and _ colloidal 
forms of the potassium salts of the fatty acid mixture was left 
undetermined. 


CONCLUSION. 


In the present paper the authors have presented a method for the 
separation of lauric acid when present in a mixture of myristic, 
palmitic, and stearic acids, and a method for the separation of 
myristic acid from a mixture in which it occurs, together with 
palmitic and stearic acids. These methods are based upon the 
differences of the solubility of their lithium and magnesium salts 
in water and 50 per cent alcohol. 
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CHANGES IN THE H* AND OH-~ CONCENTRATION 
WHICH TAKE PLACE IN THE FORMATION 
OF CERTAIN PROTEIN COMPOUNDS. 


By CARL L. A. SCHMIDT. 


(From the Rudolph Spreckels Physiological Laboratory of the University of 
California, Berkeley.) 


(Received for publication, February 26, 1916.) 


It has been known for some time that certain proteins com- 
bine with other proteins to form compound proteins. Kossel! 
states that the protamines in weakly alkaline solutions combine 
with proteins to form compounds which precipitate under proper 
conditions. Kutscher,? working with albumoses obtained from 
Witte’s peptone prepared compounds not only with protamine 
but also with various other proteins. While studying the prop- 
erties of the histones, Bang* was able to confirm the observations 
of Kutscher and further showed that various members of this 
group combine with proteins to form compounds. Kossel and 
Kutscher* surmised that histones (on account of the high content 
of basic substances) might be a combination of protamine with 
other proteins but later Kossel and Pringle® showed that this view 
was incorrect since in the first step in the peptic digestion of 
histones, histopeptone is formed, whereas protamine-protein 
combinations are split into protamine and protein. Hunter® 
prepared a number of compounds of protamine with various pro- 
teins, such combinations as clupein-casein, clupein-gelatin, and 
clupein-edestin being obtained. He-further determined the pro- 
portion of the two substances which unite to form the compound 
protein. Gay and Robertson,’ studying the antigenic properties of 

' Kossel, A., Deutsch. med. Woch., 1894, xx, 147. 

2 Kutscher, F., Z. physiol. Chem., 1897, xxiii, 115. 

’ Bang, I., Z. physiol. Chem., 1899, xxvii, 463. 

‘ Kossel, A., and Kutscher, F., Z. physiol. Chem., 1900-01, xxxi, 165. 

> Kossel, A., and Pringle, H., Z. physiol. Chem., 1906, xlix, 301. 

° Hunter, A., Z. physiol. Chem., 1907, liii, 526. 

7 Gay, F. P., and Robertson, T. B., J. Exp. Med., 1912, xvi, 479. 
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compound proteins, prepared the compound protamine (salmine) 
caseinate. Robertson,’ unaware of the work of Bang, surmised 
from the possible relation of the histones to the protamines that 
globin might also unite with other proteins to form compounds. 
He prepared globin caseinate and determined its refractive index 
in 0.1 N KOH solution. Later Gay and Robertson® studied its 
antigenic properties. 

It will be noted that in the work recorded precipitation of the 
compound took place in neutral or alkaline solutions, although 
Kossel! states that a nuclein may-be formed in acid solution from 
the combination of nucleic acid and protein. Altmann!’ had 
previously observed that proteins could combine in acid solution 
and’ Milroy"! prepared a number of protein-nucleic acid com- 
pounds. Apparently no observations have been made to deter- 
mine the true acidity (or alkalinity) of the protein solutions used 
or of the mixture when precipitation of the compound took place. 
The conditions for precipitation must be such that salting out of 
either of the proteins by inorganic salts formed during the reac- 
tion must not take place and the acidity of the solution must 
be such that the compound protein, if formed, will not be 
dissolved. 

In the present work use of the gas chain has been made to fol- 
low the change of acidity (or alkalinity) of the solution during 
the precipitation of a compound protein to distinguish, if pos- 
sible, salting out of either protein from true compound precipi- 
tation. Determination of the exact hydrogen ion concentration 
serves as a criterion for the duplication of any work in the prepa- 
ration of compound proteins, since it appears that the exact 
acidity (or alkalinity) is a very important factor in the prepara- 
tion of such compounds. 

Use of the hydrogen electrode has been made by a large number of ob- 


servers. Béttger!? made use of the gas chain to determine the neutral 
point in the titration of acids and bases. The use of the hydrogen elec- 





8 Robertson, T. B., J. Biol. Chem., 1912-13, xiii, 499. 

9 Gay and Robertson, J. Exp. Med., 1913, xvii, 535. 

10 Altmann, R., Arch. Anat. u. Physiol., Physiol. Abt., 1889, 524. 
'! Milroy, T. H., Z. physiol. Chem., 1896-97, xxii, 307. 

12 Bottger, W., Z. physik. Chem., 1897, xxiv, 253. 
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trode for such purposes has been emphasized by Hildebrand,'* who points 
out its many applications in the analytical field. Salm,'* determining the 
H* concentrations in various phosphate mixtures, was able to prepare a 
scale of indicators for the colorimetric estimation of H* and OH- con- 
centrations. Schmidt and Finger’ showed that solutions of definite H~™ 
and OH~- concentrations may be made by using mixtures of various bo- 
rates. They also point out that from the shape of the titration curve 
the existence of a compound in solution may be determined. Thus they 
confirmed observations made by various other methods by Noyes and 
Whitney,'® Kahlenberg and Schreiner,!? and Shelton'* that a compound 
NaH.BO;, or the anhydride NaBO:, or the corresponding ions H,BO, 
and BO, exist in solution. In the field of protein chemistry much use has 
also been made of the hydrogen electrode. Thus Robertson!® used it to 
determine the dissociation of serum globulin at varying hydrogen ion 
concentrations, and the dissociation of potassium caseinate”® and ovomu- 
coid*! at varying alkalinities. Robertson and Schmidt” were able to fol- 
low the change of alkalinity which took place during the progress of tryptic 
digestions of certain proteins. The many uses of the hydrogen electrode 
are set forth in a monograph by Michaelis.” 


The plan of these experiments was to determine the H+ or OH~ 


concentration in a solution of protein “a’’. Definite amounts of 
either a solution of protein “b’’ or an inorganic salt used to pre- 


cipitate protein ‘“‘a’”’ from its solution, were then added to the 


solution of protein “‘a’’. The H+ concentration was then deter- 


mined in the solution of protein “a” after each addition of the 
solution of protein “b”. A titration curve can thus be plotted 
using cc. of solution “b” as ordinates and the resultant H+ or 
OH~ concentrations as abscisse. In this way a titration curve is 
obtained similar to those described by Béttger,” Schmidt and 
Finger,” and Hildebrand.“ 


18 Hildebrand, J. H., J. Am. Chem. Soc., 1913, xxxv, 847. 

14 Salm, E., Z. Electrochem., 1904, x, 341; Z. physik. Chem., 1907, lvii, 
471. 

16 Schmidt, C. L. A., and Finger, C. P., J. phys. Chem., 1908, xii, 406. 
See also Hildebrand, J. H., and Bowers, W. G., J. Am. Chem. Soc., 
1916, xxxvili, 785. ; 

15 Noyes, A. A., and Whitney, W. R., Z. physik. Chem., 1894, xv, 694. 

17 Kahlenberg, L., and Schreiner, O., Z. physik. Chem., 1896, xx, 547. 

18 Shelton, H. 8., Z. physik. Chem., 1903, xliii, 494. 

19 Robertson, J. phys. Chem., 1907, xi, 437. 

2° Robertson, J. phys. Chem., 1910, xiv, 528. 

*1 Robertson, J. phys. Chem., 1910, xiv, 709. 

22 Robertson, and Schmidt, J. Biol. Chem., 1908, v, 31. 

23 Michaelis, L., Die Wasserstoffionenkonzentration, Berlin, 1914. 
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The method used to determine the H+ concentrations was 
essentially the same as used by Robertson?®*! and Robertson 
and Schmidt," and described by Schmidt and Finger and Rob- 
ertson.* Hydrogen was generated by the electrolysis of a 6 
per cent by volume solution of concentrated H,SO, and passed 
over heated platinized asbestos to rid it of any oxygen or oxygen 
compounds. The hydrogen then passed through the solution at 
two points, through a nozzle at the bottom of the cell and 





















































Fic. 1. A, platinum gauze electrode; B, titration cell; C, agar tube 
saturated with KCI; D, beaker with 0.1 N KCl; E, separatory funnel with 
0.1 n KCl; F, 0.1 n KCl—HgCl—Hg-—electrode. 


through a Cottrell gauze electrode.“:* In this way the three 
phases, platinum, hydrogen, and solution were brought into inti- 
mate contact. A calomel electrode,”* using 0.1N KCl, was 
used as the other extremity of the chain. The apparatus is 
shown in Fig. 1. A is the gauze electrode dipping into the solu- 


*t Robertson, Die physikalische Chemie der Proteine, Dresden, 1912, 417. 

25 Robertson, J. phys. Chem., 1907, xi, 442. Loomis, N. E., Dissertation, 
Johns Hopkins Univ., 1911, 22. Loomis, N. E., and Acree, 8S. F., Am. 
Chem. J., 1911, xlvi, 602. 

*6 Richards, T. W., Z. physik. Chem., 1897, xxiv, 39. 
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tion contained in cell B, D a beaker containing 0.1 N KCl, and 
F the calomel electrode: Connection with cell B is made by 
means of an agar tube saturated with KCI which eliminates con- 
tact potential.?’-?5 To eliminate contamination of the solution 
in cell B, the stop-cock connecting the side arm with the cell was 
kept closed except during the measurement of the potential and 
likewise the agar tube was dipped into the solution in the side 
arm only while readings were being taken. Through a hole in 
the stopper of cell B any amount of a solution ‘‘b” could be intro- 
duced. Measurement of the potential was made on a 100 cm. 
bridge using a sensitive Leeds and Northrup galvanometer®® as 
zero instrument. Three Edison-Lalande cells connected in series 
furnished current through the potentiometer wire and the E.M.F. 
was checked against a Weston cell after each reading. The pro- 
tein solutions “a” and “‘b” as well as the gauze electrode were 
separately saturated with hydrogen before bringing them to- 
gether, the necessity for this having been shown by Robertson”? 
and by Desha and Acree.*® Hydrogen was allowed to bubble 
through the solution from 45 to 60 minutes before determining 
the E.M.F., and this was likewise done after each addition of 
solution “db”. All determinations were made at room tempera- 
ture. To prevent foaming a few drops of octyl alcohol were 
floated on the surface of the solution in B after the introduction 
of the electrode. The H+ and OH~ concentrations corresponding 
to the B.M.F.’s were taken from tables previously calculated by 
Schmidt.*! 

Since it is not feasible to determine H+ or OH~ concentrations 
in ammoniacal solutions by means of the gas chain, the experi- 


27 Bjerrum, N., Z. physik. Chem., 1905, liii, 428. Loomis, N. E., Dis- 
sertation, Johns Hopkins Univ., 1911, 34. Loomis, N. E., and Acree, 
S. F., Am. Chem. J., 1911, xlvi, 585. Clark, F. W., Myers, C. N., and 
Acree, S. F., J. phys. Chem., 1916, xx, 241. Bjerrum, Z. Electrochem., 
1911, xvii, 389. See also Cumming, A. C., and Abegg, R., Z. Electrochem., 
1907, xiii, 17. 

°8 This may not be strictly true, but since we are not concerned with 
absolute values but merely with changes in voltage this factor may be 
neglected. 

29 Kindly loaned by the Physics Department. 

30 Desha, L. J., and Acree, 8S. F., Am. Chem. J., 1911, xlvi, 638. 

31 Schmidt, C. L. A., Univ. California Publications, Physiology, 1905-10, 
iii, 101. 
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ments were made with compounds of globin. As stated by Bang? 
and Robertson,*® precipitation of the compound protein takes 
place in slight excess of NaOH or KOH. Globin was prepared 


~ according to a modification of the method described by Robert- 


son.” ‘Two preparations were made, one precipitated by NH,Cl 
from an ammoniacal solution and the other by alcohol and 
ether from HCl solution. These correspond to Preparations I 
and II described by Robertson. Preparation II is soluble in 
water without addition of acid or alkali. The casein employed 
was Eimer and Amend’s (‘‘nach Hammarsten’’) which had been 
further purified according to Robertson.** Deuteroalbumose was 
made from Witte’s peptone as described by Kutscher.2 The 
nucleic acid was a preparation extracted by Dr. A. E. Taylor 
from the sperm of the Pacific Coast salmon (probably according 
to the method of Altmann).'° The bile salts were prepared 
from ox bile according to the method of Plattner.* 

The following is a tabular representation of the results ob- 
tained in the experiment. In the first column are given the vol- 
umes of the titrating solution “b’’ which were added to a given 
amount of solution “a”. The second column shows the E.M.F. 
determined after the establishment of equilibrium. The H+ and 
OH~- concentrations corresponding to the E.M.F.’s are given in 
the next two columns. In the last column are given the calcu- 
lated possible errors in determining the H+ concentration on the 
assumption that the determination of the £.M.F.’s was accurate to 
a millivolt. | 

Curves showing either the change in the H* or the OH~ con- 
centration which took place during the titration as determined by 
experiment are plotted and given below. These will be referred 
to as titration curves. The first experiments were carried out to 
determine what effect was produced on the H+ concentration by 
simple dilution and by salting out with those salts which might 
be formed as intermediate products of the reaction; so that, if 
possible, a distinction between salting out and true protein com- 


82 Robertson, J. Biol. Chem., 1912-13, xiii, 455. 

33 Robertson, J. Biol. Chem., 1906-07, ii, 317; J. phys. Chem., 1910, 
xiv, 534. 

34 Plattner, FE. A., J. prakt. Chem., 1847, xl, 129. 





C. L. A. Schmidt 69 


pound formation might be made. The results are given in Tables 
I, If, and III and shown graphically in Fiz. 2. The change in 
H+ concentration is a direct function of the titrating solution 
and the curves are straight lines, despite the fact that with both 
NH,ClI and KCl a precipitate is obtained. In these instances 
we apparently have either a purely physical phenomenon or a 
chemical one which involves no sudden change in the H+ con- 
centration such as to give a break in the curve. The precipi- 
tation of proteins by inorganic salts has been studied extensively 
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Fig. 2. 


TABLE I, 
Titration of Alkaline Globin (Preparation I) Solution with Water. 


Concentration of globin, 0.5 per cent. 0.25 gm. globin dissolved by 8 ec. 
0.1 n KOH, then titrated back with 7 cc. 0.1 N HCl. 50 cc. globin solu- 
tion titrated. No precipitate produced. 























H-O added. ! E.M.F. H+ OH- sp > ped 
in H 

ce. volis 
0 0.861 0.80 10-9 0.80x10-5 | +0.0610-° 
1 0.856 0.98 10-9 0.65 10-5 0.08 10-9 
5 0.850 0.12 10-8 5.3 X10-° 0.01 10-8 
10 0.842 0.17 10-8 3.8 x10- 0.01 10-8 
15 0.830 0.28 10-8 2.3 x10- 0.03 10-8 
20 0.827 | 0.31x«10-3 2.1 x10- 0.02 10-8 
25 0.825 | 0.34Xx10-8 1.9 x10-* 0.03 10-8 
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TABLE II. 


Titration of Alkaline Globin (Preparation I) Solution with a Saturated 


Concentration of globin, 0.5 per cent. 
0.1 n KOH, then titrated back with 7 cc. 0.1 N HCL. 
Precipitate produced. 


titrated. 


Solution of KCl. 


0.25 gm. globin dissolved by 8 ce. 
50 ec. globin solution 





KCI solu- 
tion added. 


Ht 


. Possible error 


in Ht 








2 
° 


a) a el 


“Im 








0.63 10~° 
0.87K10~° 
0.87 10~° 
0.11 10-5 
0.14 10-8 
0.17 10-5 
0.21X10-8 
0.24 10- 





1.0 x10 
0.74 10~° 


0.74X10-> - 


5.8 X10-° 
4.6 x10-° 
3.8 X10-° 
3.1 X10~° 
2.7 X10-° 





+0.05 10~° 
0.07 10~° 
0.07X10-° 
0.01X10-° 
0.01 10~* 
0.01 10—§ 
0.02 10~* 
0.02 10-§ 





TABLE III. 


Titration of Alkaline Globin (Preparation I) Solution with a 0.25 Per Cent 
Solution of NH,Cl. 


Concentration of globin, 0.5 per cent. 0.25 gm. globin dissolved by 8 ce. 
0.1 N KOH, then titrated back with 7 ec. 0.1 N HCl. 50 ce. globin solution 
titrated. Precipitate produced. 





N HCl solu- 
tion added. 


Ht 


Possible error 
in Ht 
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.58X 10-19 
.11XK10~° 
0.22 10-° 
.48X10~° 
.08 X 10~° 
.61X10~° 
.94X10~° 
.87X10-° 
.1310-* 
.17X10-8 
.23X 10-8 
0.27 10-8 
0.43 10-8 





a 
.8 X10- 
.9 X10 
3 X10 
.1 x10 
5 he 
.68X 10° 
74X10 
.9 K10~ 
.9 X10-* 
.8 X10~ 
2.4 X10-* 
5 X10~° 


Co = WO OTe 


wor © 





+0.05X 10~!° 
0.01 10~° 
0.01 10-° 
0.04 10~° 
0.04 10~° 
0.05 10~° 
0.07 10~° 
0.07 10~° 
0.01 10~* 
0.02 10-* 
0.0210-* 
0.03 10—-* 
0.03 10~§ 
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by Hardy,® Pauli,* Hofmeister,*’ Galeotti,*® and many others, 
and is discussed at length by Robertson.*® 

The titration of globin in acid and alkali solutions by alkali and 
acid respectively was next studied. For this purpose Prepara- 
tion I, dissolved by a small amount of alkali, and Preparation IT, 
which is water-soluble and acid in reaction, were used. During 
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Titration jof acid plobin ion with, 0025pNa OH 
Initia concentration 4 45x10"* 





Increase OH concentration 
Fig. 3. 
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Titration of alkaline globin] solution with 9025n HCl 
Initial HM” qoncentration of |Qlobin solution = GieXx10 
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the titration the protein was precipitated and redissolved by 
excess of acid or alkali respectively. The results are given in 


35 Hardy, W. B., J. Physiol., 1905-06, xxxiii, 251. 

36 Pauli, W., Beitr. chem. Phys. u. Path., 1906, vii, 531. 

37 Hofmeister, F., Arch. exp. Path., 1888, xxiv, 247; 1889, xxv, 1; 1890, 
xxvil, 395; 1891, xxviii, 210. 

38 Galeotti, G., Z. physiol. Chem., 1903-04, xl, 492; 1904, xlii, 330. 

3® Robertson, Die physikalische Chemie der Proteine, Dresden, 1912, 84. 
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Tables IV and V and the changes in H+ and OH~ concentra- 


tions graphically represented in Figs. 3 and 4. 


Since these reac- 


tions involve direct changes in H+ and OH~ concentrations and 


TABLE IV. 


Titration of Acid Globin (Preparation II) Solution with 0.025 n NaOH. 
Concentration of globin, 0.2 per cent. 


out addition of acid or alkali. 


tate produced which dissolved in excess of alkali. 


Globin dissolved in water with- 
50 ce. globin solution titrated. Precipi- 





NaOH solu- 
tion added. 


E.M.F. 


Ht 


OH 


Possible error 
in H+ 





volts 


0.499 
0.534 
0.578 


0.632 


0.662 
0.757 
0.840 
0.893 
0.941 
0.961 
0.979 


0.989 


1.005 


0.15x10-? 
0.37X10-% 
0.64 10-4 
0.75x10-° 
0.23 10~-° 
0.51X10—7 
0.19 10-8 
0.2210-° 
0.3310-"° 
0.15 10-1° 
0.72X10-"! 
0.48X10-" 
0.26 10-"! 


x<10-” 
«10-1! 
.0 X10-"° 
.86X10~° 
.8 X10~-° 
3 X10-7 
.5 X10~° 
7 Am 
2.0 X10-4 
4.3 x10~ 
0.89 10-5 
1.3 X10-* 
2.5 X10-* 


“I 


NOonNwWeE NO OFS > 


+0.0110-? 


0.02 10-* 
0.04 10-* 
0.0310-* 
0.01x10— 
0.02 10~7 
0.01X10-5 
0.0110~-° 
0.0110-!° 
0.01 10-9 
0.03 10-1! 
0.02 10—"! 
0.01 10-!! 

















TABLE V. 
Titration of Alkaline Globin (Preparation I) Solution with 0.025 n HCl. 


Concentration of globin, 0.2 per cent. Globin dissolved in 2 ce. 0.1 N 
NaOH, titrated back with 1.5 ec. 0.1 N HCl. 50 ce. globin solution used 
for titration. Precipitate produced which dissolved in excess of acid. 





HCI solu- 
tion added. 


Ht 


OH 


Possible error 
in H+ 











0.16 10-1° 
0.76X10-"° 
0.56 10-° 
0.76X 10-7 
0.19 10-* 
0.53 10-* 
0.22 10-? 
0.24 10-* 





4.0 x10-* 
0.84 10-* 
1.2 xX10-° 
0.85 10-7 
3.4 K10-1° 
1.2 X10 
3.0 X10-" 
2.6 X10-" 





+0.0110-"" 


0.03 10-"° 
0.02 10-° 
0.03 10-" 
0.0210—-* 
0.02 10-* 
0.01 10-* 
0.01 10-* 
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true compounds between protein and acid and alkali are formed, 
we obtain curves differing from those in which salting out of pro- 
tein has taken place. The titration curves of acid and alkaline 
globin are very similar to the titration curve of hydrochloric acid 
by sodium hydroxide given by Béttger*® and cited by Hilde- 
brand,‘ except that a different neutral point is obtained. This 
is to be expected, since globin can act either as an acid or a base. 
Thus in titrating acid globin with alkali, on’ approaching the 
neutral point, globin will become acid and will neutralize alkali. 
The sudden shift in the slope of the curve near the neutral point 
indicates compound formation and serves as a criterion for the 
determination of compound formation, whether the compound is 
precipitated or remains in solution. This will be shown even 
better in other curves. That the first. part of the curve is not a 
straight line but appears to be so, since the changes in H+ or OH~ 
concentration are small as compared with the rest of the curve, 
is shown on magnifying the first portion of the titration curve. 


TABLE VI. 


Titration of Alkaline Globin (Preparation I) Solution with a Solution of 
Casein (Neutral to Phenolphthalein). 

Concentration of globin, 0.5 per cent. @25 gm. globin dissolved by 8 
ce. 0.1 N KOH, then titrated back with 6.9 ec. 0.1 N HCl. Concentra- 
tion of casein in titrating solution, 0.5 per cent. 0.25 gm. casein dis- 
solved by 4 cc. 0.1 n KOH, then titrated back with 2 cc.0.1N HCl. 50 ce. 
globin solution titrated. No precipitate produced. 

















meng ei E.M.F. | H+ OH ae 
ce. volts 
0 0.894 0.21x10~-° 3.0 K10-° +(0).0210~° 
0.5 0.892 0.23 10-* 2.8 X10 0.02 10-° 
1.5 0.888 0.27x10-° 2.4 X10-5 0.02 10~-° 
2.5 0.883 0.33 10~-° 1.9 x10 0.02 10~° 
3.5 0.880 0.38X10-° 1.7 x10 0.03 10~-° 
8.5 0.869 0.58X10-° 1.1 x10-° 0.04 10-° 
13.5 0.861 0.80 10-° 0.80 10-° 0.06 10-° 
18.5 0.848 0.13 10-§ 4.8 x10-* 0.01 10—' 
23.5 0.836 0.22 10-§ 3.0 x10-° 0.02 10-* 
28.5 0.825 0.34 10-§ 1.9 <X10-° 0.03 10~* 

















49 Bottger, W., Z. physik. Chem., 1897, xxiv, 281. 


‘t Hildebrand, J. H., J. Am. Chem. Soc., 1913, xxxv, 854. 
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TABLE Vil. 
Titration of Alkaline Globin (Preparation I) Solution with a Solution of 
Casein (Neutral to Litmus). 


Concentration of globin, 0.5 per cent. 0.25 gm. globin dissolved by 8 
ec, 0.1 N KOH, then titrated back with 7.1 ce. 0.1 N HCl. 50 ce. globin 
solution titrated. Concentration of casein in titrating solution, 0.5 per 
cent. 0.25 gm. casein dissolved by 3 ce. 0.1 N KOH, then titrated back 
with 1.5 ce. 0.1 N HCl. Slight precipitate produced. 





Casein solu- ee + a Possible error 
tion added. aia H OH in H+ 





volts 
0.843 0.17X10-8 : 
0.833 0.24 10-8 
0.831 0.26 10—-§ 
0.821 0.40 10~$ 
0.820 0.41 10-8 
0.818 0.45 10-8 
0.804 0.78X 10-8 
0.803 0.81 10-$ 
0.801 0.88 10~-§ 


We 


.9 XK10-° +().02 10~-% 
.6 X10-° 0.01 10-' 
.4 X10~° 0.02 10~ 
.6 X10-° 0.03 10-5 
.6 X10-* 0.03 10-* 
.4 X10-° 0.04 10-5 
.82X 10-° 0.06 10-8 
.79X 10-* 0.06 10~5 
.73X 10 0.07 10~5 
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= 




















> 
Titratgon of [alkaline plobm solution BSEIN spiutions 


L 

















us 
utraty To 

; b tion 
"Fi 


120 
























































030 035, 040 045 0 
Increase NM concentration 


Fia. 5. 


As previously stated, both Bang and Robertson obtained com- 
pounds of globin and casein which they state were precipitated 
in alkaline solution. On attempting to duplicate this work, no 
precipitate was obtained though a compound between globin and 
casein is formed as shown by the data in Tables VI and VII and 
represented graphically in Fig. 5. The compound formed is ap- 
parently soluble. However, on titrating an acid solution of 
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globin with a solution of casein (neutral to phenolphthalein) a 
precipitate was obtained and the titrating curve (see data in 
Table VIII and Fig. 6) shows that a compound was formed. 


TABLE VIII. 
Titration of Acid Globin (Preparation II) Solution with a Solution of Casein. 


Concentration of globin, 0.2 per cent. Globin dissolved in water and 1 ce. 
0.1 Nn NaOH added. Concentration of casein (neutral to phenolphthalein), 
0.5 per cent. 50 ce. globin solution titrated. Precipitate produced. 
































yoy - a E.M.F. Ht OH | ar = ne 
ce. volts 
0 0.552 0.18 10% 3.5 X10-" | +0.01X10-3 
1 0.577 0.67 10~* 0.96 10~"° 0.03 10~* 
2 0.609 0.19 10-* 3.4 X107!° 0.01 10~ 
4 0.614 0.15 10~* 4.2 107" 0.01 10~* 
6 0.623 0.1110~* 6.0 x107-?° 0.01X10—-* 
8 0.637 0.61 10-° 1.1 X10 0.03X10- 
11 0.650 0.36 10° 1.8 X10-° 0.02 10-* 
16 0.685 0.90 10-° 0.71X10-* 0.04 10-° 
21 0.707 0.37 10-* 1.7 X10-8 0.03 10-* 

bs Titration of afid globin § solutjon with caseiq solution | 
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Apparently Robertson had used Globin Preparation II, which, 
being precipitated from an acid solution by alcohol and ether, 
was the acid compound of globin; and by dissolving in weak alkali, 
Robertson had merely partly neutralized the acid combined with 
the globin (not enough to cause precipitation of the globin) so 
that his solution was still acid, instead of alkaline as one is led to 
believe from his description. This was likewise true of the work 
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of Bang, who prepared globin according to the method of Schulz.* 
Determination of the initial acidity of the globin solution would 
have served as a criterion for the duplication of the work. 


TABLE IX. 
Titration of Acid Globin (Preparation II) Solution with a Solution of 
Sodium Nucleate. 

Concentration of globin, 0.2 per cent. Globin dissolved in water with- 
out addition of acid or alkali. Concentration of nucleic acid, 0.4 per cent. 
Nucleic acid neutralized by NaOH. 50 cc. globin solution titrated. Pre- 
cipitate produced. 





Sodium nu- Possible error 
cleate so] u- M.F. Ht in Ht 
tion added. 





ce. 
0 ; .23X10-? 
2 .25X10-? 
4. .12X10- 
8 .53 X 10-8 
12 0.34 10—% 9 10-1" 0.02 10~* 
16 0.13 10-% os Xm 0.01X10~* 
0.82 10-4 0.78 10—!° 0.03 10~* 
0.49 10—* 1.3 X10-'° | 0.03 10~' 


§ x10-" | +0.01XK10~" 
x10-!? 0.01X10~? 
<10-” 0.01XK10~* 
x10-" 0.02 10~% 


ae — = Cr b> bh 
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Globin also forms compounds with nucleic acid and tauro- 
cholic acid, precipitation taking place in an acid solution. The 
titration curve of globin with nucleic acid (see Table [X and 
Fig. 7) is very similar to that obtained on titration of acid glo- 


4 Schulz, F. N., Z. physiol. Chem., 1898, xxiv, 449. 
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bin with casein. The titration curve of acid globin with bile salts 
(see Tables X and XI, and Fig. 8) shows a sharp break at the 


TABLE X. 


Titration of Acid Globin (Preparation IT) Solution with a Solution of Bile 
Salts. 


Concentration of globin, 0.2 per cent. 
out addition of acid or alkali. 


Globin dissolved in water with- 


solution, 0.4 per cent. 





Bile salts 
solution 
added. 








volts 


0.484 
0.498 
0.503 
0.507 
0.511 
0.508 
0.512 
0.517 
0.540 





_ 
— 


.11K10~* 
.89X 10-* 
.73X 10-% 
.29X 10-% 


cosoosco: 


_ 
— 





3 X10-" 
co 2 ae 
.0 X10-" 
.9 X10-" 
0.69X10-" 
6.1 K10-” 
0.72K10-" 
0.88 10—-"! 
2.2 X10-" 


or em bo 


or 





Possible error 
in H+ 


+0.0110~-* 
0.01X10-* 
0.01X10-? 
0.01X10- 
0.04 10-* 
0.01X10- 
0.04X10-* 
0.03 10-* 
0.01X10- 


Concentration of bile salts in aqueous 
Precipitate produced. 





TABLE XI. 


Titration of Acid Globin (Preparation II) Solution with a Solution of Bile 
Salts. 


Concentration of globin, 0.2 per cent. Globin dissolved in water with- 


out addition of acid or alkali. 


lution, 0.4 per cent. 


bile salts to make it slightly alkaline. 


titration. 





Bile salts 
solution 
added. 


nt 


| 


Possible error 





cc. 


0 
2 
5 
8 
10 
13 
17 
21 
25 


~e 








0.79 10% 
0.63 10-* 
0.43 10-% 
0.55 10-% 
0.51X10-% 
0.40 10-* 
0.34 10-% 
0.27X10-* 
0.21X10-° 





.81X10-" 
0 x10-" 
2 X10- 
2 X10-" 
3 X10-" 
6 <X10-"! 
9 x10-" 
4 x10- 
0 x10-" 


0 
1 
1 
53 
4 
1 
1 
2 
3 





+0.04X10-* 
0.03 10-* 
0.02 10-* 
0.02 10-* 
0.02 10-* 
0.02X10-* 
0.02 10-* 
0.01 10-* 
0.01 10-* 


Concentration of bile salts in aqueous so- 
Several drops 0.1 Nn NaOH added to the solution of 
Precipitate produced during 
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point where the compound protein starts to precipitate, and the 
slope of the curve changes. This is to be expected since we are 
titrating with a mixture of two salts, sodium taurocholate and 
sodium glycocollate. Globin also forms a compound with 
deuteroalbumose, the latter acting as a weak acid. The titration 
curve (Fig. 9 and Table XII) indicates the formation of a com- 
pound, the proportion being roughly two parts of globin to one of 
albumose. 


TABLE XII. 


Titration of Alkaline Globin (Preparation I) Solution with a Solution of 
Deuteroalbumose. 


Concentration of globin, 0.5 per cent. 0.25 gm. globin dissolved by 8 
ce. 0.1 N KOH, then titrated back with 7.1 cc. 0.1 N HCl. Concentration 
of deuteroalbumose, 0.6 per cent. 50 ce. globin solution titrated. Pre- 
cipitate produced. 





Albumose | Possible error 
solution 


added | in H+ 





volts 
0.835 .23X 10-8 
0.813 .54X 10-8 © 
0.792 .13X10-7 
.793 .12XK10-" 
792 .13X10-7 
.786 .16X 10-7 
0.779 .21X10-? 


.8X10-° +().02 10~§ 
.2X10~° 0.04 10~8 
> 4 ged 0.01 10—7 
.3X1077 0.01 10-7 
.1X10-' 0.01 10-7 
OX 1077 0.01 10—7 
.OX10-7 0.01 10~-7 
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SUMMARY. 


1. Use of the gas chain has been made to follow the changes in 
the H+ and OH~ concentration in titrating acid and alkaline solu- 
tions of globin with solutions of other proteins and of precipitating 
inorganic salts. 

2. Titration curves showing the changes in H+ and OH™ con- 
centration during titration have been plotted which indicate that 
true protein compounds of globin are formed, some of which may 
precipitate at a proper acidity or alkalinity, while others may be 
soluble. 

3. A distinction can be made by means of the gas chain between 
the salting out of globin from solution by inorganic salts and the 
precipitation of a compound protein. 

4. Determination of the H+ or OH~- concentration in protein 
solutions used in the preparation of compound proteins serves as 
a criterion for the duplication of such work. 


I am indebted to Professors F. P. Gay and T. Brailsford Rob- 
ertson for the interest taken in this work, and to the George Wil- 
liams Hooper Foundation for Medical Research for financial aid 
in carrying out the investigation. 
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THE FATE OF NORMAL a-AMINOCAPROIC ACID IN THE 
PHLORHIZINIZED DOG. 


By ISIDOR GREENWALD. 


(From the Harriman Research Laboratory, Roosevelt Hospital, New York.) 


(Received for publication, March 24, 1916.) 


As a result of the work of Lusk,! Ringer,! and Dakin,? we know 
that a number of the amino-acids obtained from proteins can give 
rise to an increased excretion of glucose when: administered to 
phlorhizinized dogs. One of the amino-acids that has not yet 
been investigated is normal a-aminocaproic acid, or norleucine, 
first isolated from brain tissue by Abderhalden and Weil.’ 

It is the purpose of this paper to present the’ results of an at- 
tempt to ascertain the effect of the administration of this sub- 
stance upon the excretion of nitrogen and glucose in the phlor- 
hizinized dog. Two experiments were made with each of the 
dextrorotatory and racemic acids and one with the levorotatory 
acid. 

EXPERIMENTAL. 


Phlorhizin was administered in daily doses of 1 gm. each in 
7 or 8 cc. of cottonseed oil. In Experiment 5 the dog was pre- 
pared with epinephrin, as recommended by Sansum and Wood- 
yatt.4 The urine was collected by catheter and the bladder 
washed with sterile 2 per cent boric acid solution at 12 hour in- 
tervals. Glucose was determined according to Benedict,’ by 
polarization before and after fermentation and by fermentation 
(Lohnstein), gross urea nitrogen by the urease method,® and 


} Literature reviewed by Lusk, G., Ergebn. Physiol., 1912, xii, 315. 

2 Dakin, H. D., J. Biol. Chem., 1913, xiv, 321. 

* Abderhalden, E., and Weil, A., Z. physiol. Chem., 1913, Ixxxiv, 39. 

4 Sansum, W. D., and Woodyatt, R. T., J. Biol. Chem., 1915, xxi, 1. 

5 Benedict, 8. R., J. Biol. Chem., 1911, ix, 57. 

° It should be noted that it was necessary to allow a much longer time 
(3 hours) for the action of the urease in these urines than is recommended 
by Plimmer and Skelton (Biochem. J., 1914, viii, 70). 
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aminonitrogen by the method of Benedict and Murlin.’ In all 
but Experiment 5 the acetone was determined by titration with 
iodine after distillation and the 6-hydroxybutyric acid by Shaf- 
fer’s method applied to the ethereal extract. In Experiment 5 
Shaffer’s method’ was used directly. 

Preparation of the Normal a-Aminecaproic Acid.—The amino- 
acid was prepared by the method described by Abderhalden, 
Froehlich, and Fuchs. There were obtained 290 gm. of bromo- 
caproic acid from 192 gm. of caproic acid but only 60 gm. of re- 
crystallized normal a-aminocaproic acid. This is a much smaller 
yield than that reported by Abderhalden, Froehlich, and Fuchs. 
The melting point given by them is 297-300°. This preparation 
melted at 294—296° and contained 10.55 per cent nitrogen (caleu- 
lated, 10.66 per cent). The formyl derivative was then prepared 
and the optical isomers separated by means of their brucine salts. 
The free amino-acids were isolated in the usual manner. 

Normal d-a-Aminocaproic Acid.—0.5427 gm. in 12.5 ec. HCl 
(s.g. 1.11), in a 2 dm. tube, rotated the plane of polarization 
+ 1.48°, [a], + 17.05°. The substance was, therefore, made up of 
84.1 per cent pure d-acid and 15.9 per cent /-acid.!° 

Normal l-a-Aminocaproic Acid.—0.4823 gm. in 12.5 ee. HCl 
(s.g. 1.11), in a 2 dm. tube, rotated the plane of polarization 
—1.74°, [a], — 22.6°. This preparation was, therefore, 91.6 per 
cent pure l-acid and 8.4 per cent d-acid.’ 

The amino-acid was administered subcutaneously in three or 
four doses at intervals of 1 or 2 hours. Attempts were made to 
isolate unchanged amino-acid from the urine by means of its in- 
soluble copper salt. In only one experiment was this successful. 
In calculating the amount of glucose derived from the adminis- 
tered substance, it was assumed, as it has been by previous 
workers, that all of the nitrogen of the amino-acid appeared 
in the urine in the experimental period, or in that immediatcly 
following. 


7 Benedict, S. R., and Murlin, J. R., J. Biol. Chem., 1913-14, xvi, 386. 

8 Shaffer, P. A., and Marriott, W. McK., J. Biol. Chem., 1913-14, xvi, 
276. 
® Abderhalden, E., Froehlich, C., and Fuchs, D., Z. physiol. Chem.., 
1913, Ixxxvi, 454. i 

10 Schulze, E., and Likiernik, A., Z. physiol. Chem., 1893, xvii, 523. 
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DISCUSSION. 


The results of the experiments indicate that both optical isomers 
are attacked in the organism of the dog, the dextro form being 
only slightly more resistant. The amount of “extra glucose’’ ex- 
creted was, in four experiments, approximately equal to that of 
the amino-acid administered. In the two instances in which the 
amount of extra glucose was smaller than this, there was unques- 
tionably a considerable excretion of unchanged amino-acid. In 
Experiment 4, in which 3.45 gm. of extra glucose were obtained 
from 5.76 gm. of the d-acid, the increase in the amino nitrogen of 
the urine indicated that 15 per cent of the amino-acid appeared 
in the urine unchanged. In the one experiment in which the dog 
was prepared with epinephrin, only 3.6 gm. of extra glucose were 
obtained after the administration of 14.7 gm. of dl-acid. Unfor- 
tunately the amount of amino-acid available does not permit of 
a repetition of the experiment. However, it is scarcely possible 
that the extra glucose obtained in the other experiments should 
have been derived from the glycogen remaining in the body after 
3 or 4 days’ treatment with phlorhizin. Normal a-aminocaproic 
acid has no narcotic or other toxic action. It seems quite as 
likely that treatment with epinephrin interferes with the forma- 
tion of glucose from some amino-acids. The low ratios reported 
by Sansum and Woodyatt* indicate that this may be the case. 
Certainly a considerable quantity of unchanged amino-acid was 
eliminated in the urine in this experiment. 35 cc. of the urine 
of the experimental period (total volume 800 cc.) were precipi- 
tated with CuSO,, keeping the reaction neutral. The precipi- 
tate was filtered out, washed, and decomposed with H:S. The 
liquid was filtered from the CuS, evaporated, and treated with 
five volumes of alcohol. Characteristic crystals of the amino- 
acid were obtained. These were filtered out, washed, dissolved 
in water, and the copper salt was again precipitated. Its appear- 
ance was quite characteristic. It weighed 88 mg. Unfortunately 
the material was lost in the process of analysis but there can be 
little doubt that it was the copper salt of normal a-aminocaproic 
acid. The amount recovered corresponds, in the urine of the 
entire period, to 1.3 gm. of amino-acid, or 9 per cent of the amount 
‘ injected. It is almost certain that a larger amount was excreted 
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but failed of recovery. The increase in amino nitrogen in the 
urine of the experimental and following periods was approxi- 
mately 0.4 gm., indicating the presence of at least 25 per cent of 
the injected amino-acid. The diminished urea excretion would 
account for an even greater elimination of unchanged amino-acid. 

Attention should also be called to the fact that in this experi- 
ment and in one other (3) there was an increased excretion of ace- 
tone and 8-hydroxybutyric acid in the urine in the experimental 
period. It is possible that there are two paths of catabolism for 
n-aminocaproic acid, one through 6-hydroxybutyrie acid and the 
other through a possible precursor of glucose. 

Another possible explanation of the result in Experiment. 5, 
though it does not apply to the other, is that the 6-hydroxybuty- 
ric acid was determined by the Shaffer method. Although ex- 
periment showed that normal a-aminocaproic acid yielded only 
negligible amounts of iodine-binding substances when treated by 
this method, it is possible that intermediate products of catabo- 
lism were present and reacted as does 8-hydroxybutyric acid. 
In the other experiments, this possibility was largely obviated 
by making the determinations upon the ether extract of the urine. 

No attempt has been made to picture the intermediate stages 
in the formation of glucose from aminocaproic acid. However, 
it would seem that at least four of the six carbon atoms of the 
amino-acid appear as glucose. 
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THE ADMISSIBILITY OF AMMONIUM MAGNESIUM 
PHOSPHATE AS A FORM IN WHICH TO WEIGH 
PHOSPHORIC ACID. 


By WALTER JONES. 


(From the Laboratory of Physiological Chemistry, Johns Hopkins University, 
Baltimore.) 


(Received for publication, March 28, 1916.) 


A procedure has been employed in this laboratory by which 
the numerical index of nucleotides may be indirectly determined 
provided that the nucleotide contains both purine and pyrimi- 
dine groups. The essential feature of this procedure consists in 
determining the ‘phosphorus partition” of the nucleotide, which 
can be done with the greatest accuracy, and which gives values 
that lead directly to the index sought. 

The method was first studied in its application to various pre- 
parations of yeast nucleic acid,! and, as may have been expected, 
the substance was found to be a tetra-nucleotide. An extension 
of the method to other nucleotides has in every case led sharply 
to the index of the nucleotide examined, and in some instances 
very surprising results have been obtained. All these results are 
based upon determinations of phosphoric acid in which the acid 
was weighed as magnesium ammonium phosphate, and it remains 
to show that values for phosphoric acid obtained in this way are 
correct. 

The countless number of phosphorus determinations that are 
recorded in the literature and the much greater number of unre- 
ported analyses which have been made in the industries would 
lead one to believe that an advantageous change even in a detail 
of the method employed could not be suggested. The oxidation 
of the substance to be analyzed for the destruction of organic 
matter and precipitation with ammonium molybdate for the re- 
moval of bases are two preliminary steps in a phosphoric acid 


1 Jones, W., and Riley, C., J. Biol. Chem., 1916, xxiv, p. ili. 
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estimation that are employed or not as the case requires. But in 
any event the phosphoric acid is finally precipitated as magne- 
sium ammonium phosphate, which is decomposed by heating and 
weighed as magnesium pyrophosphate. From the weight of the 
pyrophosphate the corresponding weight of phosphoric acid is 
calculated. 

The uniform rejection by analysts of such a substance as crys- 
talline magnesium ammonium phosphate in favor of magnesium 
pyrophosphate, in spite of the fact that the one substance pre- 
cedes the other in the analytical scheme and must of necessity 
transmit to the other any errors committed in its manipulation, 
is a matter that renders one suspicious and suggests caution. 
Nevertheless, the following data demonstrate very clearly that if 
there is any choice between the two substances, aside from econ- 
omy of time, it is in favor of the crystalline compound. 

To prove the admissibility of magnesium ammonium phosphate 
it is necessary, and sufficient, to establish three points: (a) that 
magnesium ammonium phosphate can be brought to a constant 
weight; (b) that the substance can be easily and completely re- 
moved from a filter paper when dry; (c) that the substance 
possesses exactly the composition expressed by the formula 
MgNH,PO,.6H.0 or at least that it will produce the exact amount 
of magnesium pyrophosphate that this formula demands. These 
three points are taken up in order as follows. 

a. In order to meet the conditions of a phosphorus partition 
study the specimens of magnesium ammonium phosphate em- 
ployed in this work were prepared from the hydrolytic products of 
yeast nucleic acid. Five portions of the substance were heated 
with 5 per cent sulfuric acid from 1 to 5 hours and after removal 
of the guanine with ammonia, the phosphoric acid was precipi- 
tated with magnesia mixture, using such precaution as to insure 
the formation of crystalline magnesium ammonium phosphate. 
The five precipitates were filtered on ashless papers, washed care- 
fully, allowed to dry in the room for 19 hours, and weighed. In 
order to see if any further change in weight would occur at the 
room temperature, the filters were allowed to stand several days 
longer and weighed from time to time. The results are given in 
Table I. 
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TABLE I. 





Weights of filter papers containing magnesium ammonium 
phosphate dried at room temperature. 
































si II. III. IV. V. 

gm. gm. gm. gm. gm. 
After 19 hrs..............| 0.7297 | 0.7535 | 0.7882 | 0.7695 | 0.7254 
= SB: .... <3 0.7284 | 0.7527 | 0.7875 | 0.7690 | 4.6669 
“ea | (0.7271 | 0.7514 | 0.7864 | 0.7679 | 4.6668 
- ee Sew eek 0.7268 | 0.7510 | 0.7860 | 0.7677 | 4.6668 
et ee ee ee ke 0.7272 | 0.7212 | 0.7863 | 0.7680 | 4.6668 





It will be seen that up to the last period a slow but continual 
loss in weight has occurred uniformly in all the specimens. But 
this weight is lost from the filter paper, not from the precipitate, 
for at the beginning of the second period, most of Precipitate’' V 
was transferred to a platinum crucible lid and weighed. The con- 
stancy of this weight throughout shows that in the other four 
specimens it was not the magnesium ammonium phosphate whose 
weight altered. 

This change in the weight of a filter paper, which may amount 
to 2 mg. in 24 hours, can scarcely affect the results obtained by 
weighing an empty filter paper a few minutes after the phosphate 
precipitate has been dusted off. It seems to be caused by a change 
of atmospheric conditions (temperature and moisture). 

The following series shows that the filters may increase in weight 
at the room temperature. No. VI is a total phosphorus deter- 
mination after all organic matter had been destroyed. 


TABLE II. 





I. IT. IIT. IV. V. | Ve. 














gm. gm. gm. gm. gm. gm. 
After 16 hrs. in air...| 0.9516 | 0.8327 | 0.8618 | 0.8185 | 0.7400 | 1.0386 


After 24 hrs. longer 
ER eS 0.9528 | 0.8337 | 0.8631 | 0.8201 | 0.7419 | 1.0395 























The next series shows that the filters may increase in weight 
even when they are allowed to remain in the thermostat at 40° 
for 48 hours. No. VI is a determination of total phosphorus and 
No. V which remained nearly constant, was weighed on a plati- 
num crucible lid. 
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TABLE III. 





IT. , IV. V. VI. 





gm. a. gm. gm. gm. 


After 16 hrs. in air...) 0.82 0.8342 0.7903 | 5.1175 | 1.0619 
2 days longer at 40°. .| 0.82 0.8352 0.7912 | 5.1171 | 1.0630 























The figures show that while a washed filter paper may vary 
slightly, ammonium magnesium phosphate maintains a constant 
weight when allowed to remain in the air or even at a temperature 
of 40°. The results given are extreme cases. As a rule the filter 
papers do not vary either way as much as 1 mg. in 24 hours. 

b. In order to find whether small particles adhere to the filter 
when crystalline magnesium ammonium phosphate is removed, 
ten of the filters were dusted free from the salt and ashed in a 
weighed porcelain crucible. The total ash weighed 17 mg. or 
about 1.7 mg. for each filter paper. The ash was dissolved by 
long digestion with hot nitric acid and from the diluted solution 
the phosphoric acid was precipitated by the addition of ammo- 
nium nitrate and treatment with ammonium molybdate. The 
yellow ammonium phosphomolybdate was converted into mag- 
nesium ammonium phosphate which weighed about 5 mg. or 
about 0.5 mg. for each filter paper. Thus, if one uses an ashless 
filter paper and determines the phosphoric acid as magnesium 
pyrophosphate the final weighing is liable to be 1.7 mg. too high 
even though the paper has been well washed. Less than one- 
third of this error will be caused by the adhesion of magnesium 
ammonium phosphate to a filter paper. 

c. As far as the composition of magnesium ammonium phos- 
phate is of concern in this connection, it is only necessary to show 
that the substance produces the amount of magnesium pyrophos- 
phate required by the equation: 


2NH MgP0,.6H.0 = Mg,P.07 + 13H,0 + 2NH; 


Specimens of magnesium ammonium phosphate obtained in such 
experiments as those described above were heated to a constant 
weight in a weighed porcelain crucible. The determinations were 
made successively in the same crucible, and the negligible differ- 
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ences found are probably due to the difficulty of weighing the 
porcelain crucible. 








TABLE IV. 
& II. III. IV. V. 
Magnesium ammonium 
phosphate used, gm....| 0.3772 | 0.5619 | 0.4848 | 0.4467 | 0.5741 
Magnesium  pyrophos- 
phate obtained, gm....| 0.1703 | 0.2542 | 0.2642 | 0.2013 | 0.2594 
Percentage found........ 45.15 45.24 45.18 45 .06 45.20 
Percentage required..... 45.09 45.09 45 .09 45 .09 45.09 




















The results given in this paper seem to show that in the quanti- 
tative determination of phosphoric acid, the conversion of mag- 
nesium ammonium phosphate into magnesium pyrophosphate is 
a superfluous operation. 


After this paper had been sent to the publishers, a letter was received 
from Dr. Louis Baumann (State University of Iowa), which contained the 
following data. 

The magnesium contained in a solution prepared by dissolving pure 
magnesium ribbon in dilute hydrochloric acid was precipitated as the  , iy 
triple phosphate, then filtered on a weighed ash-free filter paper. The i 
precipitate and paper were dried for 48 hours in the laboratory atmosphere. a 
Results in triplicate: é 





MgN HsP0O:.6H20 








Calculated for 0.0155 magnesium. Found. 4 
0.1564 0.1566 i 
0.1565 a 

0.1561 









































HYDROLYSIS OF YEAST NUCLEIC ACID WITH 
AMMONIA, 


By WALTER JONES anp HILDEGARDE C. GERMANN. 


(From the Laboratory of Physiological Chemistry, Johns Hopkins University, 
Baltimore.) 


wor 


(Received for publication, April 1, 1916.) 


About two years ago, Thannhauser' studied the action of duo- 
denal juice on yeast nucleic acid and found that a tri-nucleotide 
is formed which has the composition represented by the formula 
Cz2H49P3023Ni5, is levorotatory to polarized light, and forms a 
crystalline brucine salt of the composition C32.H49P3023N 15(Co3H o¢- 
N2O,4)¢ which melts at 200-205°. From the tri-nucleotide he pre- 
pared the. three nucleosides guanosine, adenosine, and cytidine. 

The article is written with a little caution, evidently because 
the analytical values of the substance do not lead to the formula | 
that we would assign to a tri-nucleotide derived from yeast nu- 
cleic acid. ‘Thannhauser therefore names his substance T'riphos- 
phonucleinsdure. But if he holds the prevailing well grounded 
opinion of the constitution of yeast nucleic acid he must believe if 
that his substance is formed from yeast nucleic acid according ‘ 
to the following scheme, 


|. HO 


O = P—O-C;H;0; - C;H,N;O 


: O = P aed O ° C;Hs0; ° C,H,N;O io 
q a 
‘s : 
; O 


O = P—O-C;Hs0;-CsH.N; 
7 : 
H O i 
HO : 
O = P—O-C;H;0; - CsH3N202 : 
$ os i 
HO 
Yeast nucleic acid 





1 Thannhauser, 8. J., Z. physiol. Chem., 1914, xci, 329. 
93 


O4 Hydrolysis of Yeast Nucleic Acid 


in which yeast nucleic acid is represented as decomposing by 
hydrolysis into a tri-nucleotide which contains the guanine, 
cytosine, and adenine groups, and a mono-nucleotide which 
contains the uracil group. 
The formation of the three nucleosides from the tri-nucleotide 
must be represented as follows. 
H } OH 
OH 
OH 


CsHsO; - CsH4N;O 
Guanosine group 


CsHs0; - CsH4N;0 
Cytidine group 


O = P — O . C;HsO; ° C;H.N; 
wr Adenosine group 
HO 


Tri-nucleotide 


The following criticism of Thannhauser’s results will make 
much clearer the matters that are to be discussed in this paper. 

(a) The preparation of three nucleosides from the tri-nucleo- 
tide is of no consequence if evidence can be produced to show 
that this supposed tri-nucleotide is guanylic acid, a mono-nucleo- 
tide which has been prepared from yeast nucleic acid by the action 
of ferments,? and which can yield only one nucleoside, 


HO 


O = P - O ° C;HsO; ° C;H.N;O + H.O= H;PO. + C;H,0, ° C;H,N;O 
HO va Guanylic acid Guanosine 


Thannhauser states that he obtained three nucleosides, but if his 
results are carefully examined it will be seen that he obtained 
neither adenosine nor cytidine, but two picrates, one of which 
could be picric acid as far as his nitrogen determination is con- 
cerned. 


* Jones, W., and Richards, A. E., J. Biol. Chem., 1914, xvii, 71. 
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(b) A tri-nucleotide containing groups of guanine (C;H;N;Q), 
cytosine (CsH;N;0), and adenine (C;H;N;) must contain thirteen 
atoms of nitrogen and therefore cannot be correctly represented 
by the formula C32.H49P3;0.3;N;; which contains fifteen atoms of 
nitrogen. 

(c) The analytical data given for the crystalline brucine salt 
of the tri-nucleotide answer as well for the crystalline brucine 
salt? of guanylic acid. 








Required for Required for 

CioHiuaNsPOs- C32 Hag NisPsOrs- 
(CesH2eN2O;)2 (C::H2%N:O,)6 Found: 

(brucine salt of (brucine salt of 

guanylic acid): tri-nucleotide) : 
iisalbhd hod soba onan 4 10.94 10.90 10.36 
SEE ner an teen oe eeenn nod 2.69 2.88 2.71 
AEOLIAN RN ROO 3" 58.39 58 .82 59.12 
ty Be ES Ce PM Bg 5.74 5.77 5.88 

















(d) The tri-nucleotide is levorotatory and forms a crystalline 
brucine salt which melts at 200-—205°. 

Guanylic acid also is levorotatory and forms a crystalline 
brucine salt that melts at 200—205°. 

In a more recent communication, Thannhauser and Dorf- 
miiller* state that the same tri-nucleotide can be prepared from 
yeast nucleic acid by chemical means. They heated yeast nucleic 
acid with ammonia in the autoclave at 120-125° and from the 
product they prepared a crystalline brucine salt that melts at 
205° and has the composition represented by the formula 
C32H49NisP3023(CosHosN2O4)5. This brucine salt is stated to be 
identical with the brucine salt of the tri-nucleotide that Thann- 
hauser had previously prepared from yeast nucleic acid by the 
action of duodenal juice. 

A second brucine salt was also obtained. Its melting point 
and elementary analysis are given but no formula is assigned. 
No examination is made of the hydrolytic products of either 
substance, the principal purpose of the article being to show 
that the same tri-nucleotide is formed from yeast nucleic acid 


’ Levene, P. A., and Jacobs, W. A., J. Biol. Chem., 1912, xii, 421. 

4 Thannhauser, S. J., and Dorfmiiller, G., Z. physiol. Chem., 1915, xcv, 
259. This number was issued Nov. 6, 1915, but has reached us only very 
recently. 
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by hydrolysis, whether the hydrolysis be brought about by 
ammonia in the autoclave at 120—-125° or by the action of the 
ferments of duodenal juice. 

In the last article, Thannhauser and Dorfmiiller have de- 
scribed a method, long known in this laboratory, by which any- 
one can easily and quickly gain possession of the nucleotides of 
yeast nucleic acid. Moreover, a description has recently been 
given of an easily executed method by which the numerical in- 
dices of nucleotides may be found and their constitution deter- 
mined.» We therefore wish to make a condensed statement of 
some of our results. ; 


Hydrolysis of Yeast Nucleic Acid with Ammonia at High 
Temperatures. 


Several years ago a serious attempt was made to prepare 
nucleosides from yeast nucleic acid by heating the substance in 
the autoclave with ammonia according to the method discovered 
and described by Levene and Jacobs.® 


H' OH 
HOH 
OH 
OH 


° C;Hs0; . C;H,N;O 
Guanosine group 


- CsHsO; - CsH,N;,0 
Cytidine group 


C;Hs0; e CsH.N; 
Pd Adenosine group 
O 


O = P me QO. C;HsO0; ° C,H;N202 
i ! Uridine group 
HO 

Yeast nucleic acid 





5 Jones, W., J. Biol. Chem., 1916, xxiv, p. iii. 
® Levene and Jacobs, Ber. chem. Ges., 1910, xlili, 3154. 
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The attempt to prepare nucleosides was made to gain possession 
of adenosine and to use the substance in studies of the action of 
ferments on combined adenine.’ 

Accordingly, yeast nucleic acid was heated in the autoclave with 
ammonia for 33 hours at 175-180°, and as Levene and Jacobs spe- 
cially enjoin, the temperature and time of heating were rigidly ob- 
served. A black tar was formed from which, of course, adenosine 
could not be prepared. After a number of discouraging attempts 
to prepare nucleosides in this way, some pure guanosine’ was tested ° 
to see how the substance would behave when heated in the auto- 
clave for 34 hours at 175-180°. The substance was completely 
decomposed, and it became apparent that one could not expect 
to obtain nucleosides by heating nucleic acid at 175-180°: The 
experiment with nucleic acid was therefore made at lower tempera- 
tures and the time of heating was shortened to 2 hours. 

At 165° the products were badly injured. 

At 160° the products were considerably injured but nucleosides 
could be shown present. 

At 150° the results were very satisfactory and nucleosides 
could be obtained from the product without difficulty. 

At 145° all phosphoric acid is set free and can be precipitated 
directly with magnesia mixture. Under these conditions the 
production of nucleosides must be complete and there can be no 
reason for heating at any higher temperature. 

Below 140° the liberation of phosphoric acid is partial and is 
less the lower the temperature. 

At 120° no phosphoric acid is liberated so that nucleotides must 
be exclusively formed. 

At 110° no phosphoric acid is liberated and still the nucleic 
acid is completely decomposed into soluble products. 

We have chosen 115° as the temperature favorable to the for- 
mation of nucleotides. At this temperature there is no danger 
of forming nucleosides. 


7 Jones, J. Biol. Chem., 1911, ix, 169. Amberg, S., and Jones, W., Z. 
physiol. Chem., 1911, Ixiii, 407. 

8 Guanosine had been plentifully obtained at this time by the action of 
ferments on yeast nucleic acid. 
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Hydrolysis of Yeast Nucleic Acid with Ammonia at 118°. 


A solution of 100 gm. of yeast nucleic acid in 530 ec. of 2.5 
per cent ammonia was heated in an autoclave at 115° for 13 hours. 
The cooled product, which was strongly alkaline and could be 
shown to contain no nucleic acid, was treated with 95 per cent 
alcohol as long as a precipitate was formed and until the clear 
supernatant fluid showed a tendency to become cloudy. To bring 
about this condition about one and three-fourths volumes of 
alcohol are required. 

This procedure was suggested by the difference in conduct of 
the two di-nucleotides of yeast nucleic acid when aqueous solu- 
tions of their potassium salts are poured into a large excess of 
alcohol. The potassium salt of one di-nucleotide is promptly 
precipitated by alcohol while the potassium salt of the other di- 
nucleotide remains suspended as an emulsion, and by this dif- 
ference in conduct of their potassium salts, the two di-nucleotides 
can be separated from one another.® 

The autoclave product that we are describing consists to a 
considerable extent, but not entirely, of the ammonium salts of 
the two di-nucleotides of yeast nucleic acid, and by treatment 
with alcohol, in the manner described, it may be separated rather 
sharply into two well characterized fractions, one of which is 
thrown down as a heavy gray precipitate while the other re- 
mains dissolved in the alcoholic fluid, if too much alcohol has not 
been added. The point at which the addition of alcohol should 
be discontinued is quite sharply indicated by a cloudy appearance 
of the liquid above the precipitate. This is caused by a little of 
the adenine di-nucleotide which is precipitated in colloidal form, 
and in such a case the cloud should be redissolved by the addi- 
tion of a little water. 

The precipitate is referred to as the guanine-cytosine fraction 
and contains only substances that produce guanine by acid hy- 
drolysis. The alcoholic fluid is referred to as the adenine-uracil 
fraction and contains only substances that produce adenine by 
acid hydrolysis. 

The alcoholic solution was filtered off and the precipitate was 
thoroughly washed with alcohol of the same strength as the filtrate. 
The alcohol washings were discarded. 


* Jones and Richards, J. Biol. Chem., 1915, xx, 25. 
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The Guanine-Cytosine Fraction.'° 


The heavy gray precipitate, formed by the addition of alcohol 
to the alkaline autoclave product, was dissolved in hot water 
and a small amount of dark, insoluble gelatinous material was 
removed with the centrifuge. By applying to the clear solution 
the procedure with lead acetate that is described in the next sec- 
tion a substance was finally obtained from which could be pre- 
pared a crystalline brucine salt melting at 200-205°. This crystal- 
line compound is the brucine salt of guanylic acid. It produces 
the required amount of guanine, but not a trace of adenine, by 
hydrolysis with sulfuric acid. Its entire phosphoric acid is 
set free by heating with 5 per cent sulfuric acid, which proves 
that the substance does not contain a pyrimidine group. 

The substance is undoubtedly the brucine salt of guanylic acid. 
Its melting point and method of preparation show with equal 
clearness that it is the brucine salt of Thannhauser and Dorf- 
miiller’s Triphosphonucleinsdure. 


The Adenine-Uracil Fraction. 


The perfectly clear alcoholic solution was diluted with an 
equal volume of boiling water, acidified with acetic acid, and 
treated with 25 per cent lead acetate as long as a precipitate was 
formed. After the hot material had cooled, the lead compound 
was filtered off, suspended in hot water, and decomposed with 
hydrogen sulfide. It is necessary to avoid a great excess of hy- 
drogen sulfide and to boil the product finally until the vapor 
does not blacken lead acetate paper. Otherwise sulfur compounds 
are sure to be obtained. It is in fact advisable to use a slightly 
insufficient amount of hydrogen sulfide gas and remove the small 
amount of lead from the boiling hot filtered solution by the careful 
addition of hydrogen sulfide water. 

The final filtrate from lead sulfide was evaporated to a syrup 
at 50° under diminished pressure and treated with several volumes 
of 95 per cent alcohol. A resin was precipitated which was ground 
with absolute alcohol to a heavy white powder and dried in a 


‘0 This fraction was examined by B. E. Read. He will publish later a 
full account of his work. 
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sulfuric acid desiccator. The substance is a di-nucleotide which 
contains groups of adenine and uracil. 

Preparations of the substance often give a trace of guanine 
by hydrolysis with sulfuric acid. This is because a perfect sepa- 
ration of the ammonium salts with alcohol as described above 
was not effected. In such a case the di-nucleotide is dissolved in 
water and after making strongly alkaline with ammonia, the solu- 
tion is treated with alcohol until the clear fluid shows a tendency 
to become cloudy. The small precipitate, which is a part of the 
guanosine-cytosine fraction, is filtered off, and after acidifying 
with acetic acid, the solution is diluted with hot water and treated 
with lead acetate. From the lead compound the di-nucleotide is 
prepared as already outlined. 


The Adenine-Uracil Di-Nucleotide. 


The white granular powder prepared as described is adenine- 
uracil di-nucleotide and was obtained almost quantitatively from 
yeast nucleic acid. It contains the required amount of nitrogen 
and yields the required amount of adenine when hydrolyzed with 
dilute sulfuric acid. But it does not yield a trace of guanine. 
The partition of its phosphorus proves that the substance is a 
di-nucleotide. Exactly one-half of its phosphoric acid is easily 
split off and half is firmly bound; therefore as the nucleotide con- 
tains only one purine group, it can contain only one pyrimidine 
group. | 

Some interesting results were obtained with a substance that 
was prepared in this laboratory several years ago by the action of 
a digested aqueous extract of pancreas on yeast nucleic acid. 
A provisional announcement had been made’ that this preparation 
contained adenine-uracil di-nucleotide. By hydrolysis of the 
substance with sulfuric acid we obtained about five times as much 
adenine as guanine. A study of its phosphorus partition’ gave 
exact di-nucleotide values. Evidently both the adenine and the 
guanine are in di-nucleotide combination. 
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CONCLUSION. 


There is no evidence to show that a tri-nucleotide can be pro- 
duced from yeast nucleic acid either by the action of ferments or 
by hydrolysis with ammonia. All of the available evidence goes 
to show that when yeast nucleic acid undergoes hydrolysis, 
whether by the action of ammonia or under the influence of fer- 
ments, the substance is first decomposed into two di-nucleotides, 
one of which contains the adenine and uracil groups while the 
other contains the guanine and cytosine groups, 


HO 


O = P—O-C;H;0;- CsHyN;O 
J 
O Guanine-cytosine 
di-nucleotide 
O = P - O * C;Hs0; ° C,H,N;0O 


4 
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HO 
O = 4g o O ° C;Hs0; ° CsH4Ns 
if 
O Adenine-uracil 


di-nucleotide 
O = P —= O . C;Hs0; ° C,HsN202 


” 4 


HO 


Yeast nucleic acid 
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The adenine-uracil di-nucleotide is comparatively stable but the 
guanine-cytosine di-nucleotide easily undergoes hydrolysis into 
its component mono-nucleotides, 


HO 
O = P—O-C;H;0;-CsH,N;O Guanylic acid 
ai 
ERS. O 
HO 
O == P sd O ° C;H;0; ° C,H4N;O 
A. 
HO 


Guanine-cytosine di-nucleotide 
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This last decomposition occurs to a considerable extent when the 
substance, 7.e., yeast nucleic acid, is heated for an hour or two 
with 2.5 per cent ammonia at 115° but to a much greater extent 
when the heating is done at 125°. At 125° the products begin to 
lose phosphoric acid and nucleosides are formed. At 145° all 
phosphoric acid is set free and the formation of nucleosides is 
complete. 








NOTE ON HYDROLYSIS OF YEAST NUCLEIC ACID IN 
THE AUTOCLAVE. 















By P. A. LEVENE anp W. A. JACOBS. 
(From the Laboratories of The Rockefeller Institute for Medical Research.) 


(Received for publication, April 18, 1916.) 


It is customary in this laboratory to heat autoclaves by 
means of an oil bath, measuring the temperature of the oil bath. 
In a previous article' the temperature referred to was that of 
the oil bath. This was made clear in the directions given by 
one of us in a later article? In the latter article it was also 
stated that a temperature of 135° was sufficient when hydroly- 
sis was carried out in a sealed tube. Consequently the results 
of Walter Jones’ essentially agree with those obtained by us. 


rate ae aa eee tere 


‘Levene, P. A., and Jacobs, W. A., Ber. chem. Ges., 1910, xlili, 3154. 
2 Levene, Abderhalden’s Handb. biochem. Arbeitsmethoden, 1911, v, 492. 
$’Jones, W., and Germann, H. C., J. Biol. Chem., 1916, xxv, :93. 
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THE NATURE OF THE DIETARY DEFICIENCIES OF THE 
WHEAT EMBRYO.* 


By E. V. McCOLLUM, NINA SIMMONDS, ann WALTER PITZ.! 


(From the Laboratory of Agricultural Chemistry of the Wisconsin Experiment 
, Station, Madison.) 


(Received for publication, March 25, 1916.) 


In former papers from this laboratory we have shown the char- 
acter of the deficiencies of the wheat kernel* and of polished rice’ 
respectively as nutrients for growth and reproduction. Asa result 
of this work, together with an extensive experience in observing 
animals fed with mixtures of purified foodstuffs, we proposed the 
working hypothesis that in addition to protein, carbohydrate, or 
fat and mineral elements in suitable amounts and proportions, 
the diet, in order to support growth or long continued well-being, 
must contain two factors whose chemical natures are at present 
unknown. One of these is associated with fats from certain 
sources, but is not found in the fats of many natural foodstuffs.‘ 
The other, which is soluble in water and alcohol, is widely distri- 
buted in natural foods such as milk, eggs, meats, vegetables, and 
grains.* This factor is apparently never associated with fats. 
Funk and others have recognized one of these dietary factors, 
the water-soluble one, in their studies on beri-beri. There is no 


* Published with the permission of the Director of the Wisconsin Ex- 
periment Station. 

1 Miss Marguerite Davis participated in a considerable amount of pre-- 
liminary work directed toward the solution of the problems discussed in 
this paper. Most of the data accumulated in that work are not included 
in this discussion, but the information gained therefrom made possible the 
successful planning of the rations later employed. Credit is due Miss Da- 
vis for her part in this investigation. 

2 McCollum, E. V., and Davis, M., J. Biol. Chem., 1915, xxi, 615. 

3 McCollum and Davis, J. Biol. Chem., 1915, xxiii, 181. 

4 McCollum and Davis, J. Biol. Chem., 1913, xv, 167; 1915, xxiii, 231. 
Osborne, T. B., and Mendel, L. B., ibid., 1913-14, xvi, 424. 
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doubt that a deficiency of this factor and not the fat-soluble un- 
known is responsible for the onset of polyneuritis and that the 
pathological symptoms are entirely relieved by treatment of pig- 
eons with extracts of substances which contain the former but do 
not furnish the fat-soluble one. McCollum and Kennedy® have 
discussed the desirability of discontinuing the use of the term 
“‘vitamine”’ for these substances which are essential components 
of an adequate diet, and have suggested the employment of the 
terms fat-soluble A and water-soluble B instead. These terms 
are employed in this sense in the present paper. 

We deem it of the greatest importance for the purpose of plac- 
ing human nutrition and animal production upon a sound scien- 
tific basis to have, in addition to a full understanding of the es- 
sential factors in the diet for growth and the promotion of well- 
being during maintenance, a thorough knowledge of the causes 
which are responsible for the failure of nutrition of an animal 
when confined to a single naturally occurring food substance. 
We should understand fully why, for example, the corn, wheat, 
oat, or rice kernel is, individually, totally inadequate to support 
the life of a grown animal over more than a brief period, or to 
support growth in the young, as our experience has shown to be 
the case. Only then shall we be able to proceed to an experi- 
mental inquiry into the reasons for the nutritive failure of human 
beings when eating a liberal variety of foods of vegetable origin, 
as Goldberger has shown to be the case among pellagrins,* or of 
animals fed certain mixtures with the customary complexity of 
animal husbandry practice.’ It is with a view to the acquisition 
of such knowledge that we are pursuing studies of the character 
reported in this and the previously cited papers. 

The method pursued in our work is based on the following line 
of reasoning: If a single natural food product fails to nourish an 
animal adequately, it may be due to: (a) lack of sufficient protein, 
or to proteins of poor quality; (b) an unsatisfactory mineral con- 
tent due either to inadequacy of certain elements in amount, or 
to unsatisfactory proportions among them; (c) an inadequate sup- 


5 McCollum, E. V., and Kennedy, C., J. Biol. Chem., 1916, xxiv, 491. 

6 Goldberger, J., J. Am. Med. Assn., 1916, Ixvi, 471. 

7 Hart, E. B., McCollum E. V., Steenbock, H., and Humphrey, G. C., 
Wisconsin Agric. Experiment Station, Research Bull. 17, 1911. 
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ply of the fat-soluble A; (d) of the water-soluble B; (e) or some 
toxic substance contained therein. One, two, three, four, or all 
of these factors may operate in inducing nutritive disturbances. 

It should be obvious that a systematic procedure in which we 
feed the substance under investigation supplemented with (a) 
pure protein only, (6) salt mixture additions only, (c) butter fat 
only, (d) extracts known to carry the water-soluble B and as little 
else as is possible, will reveal whether the failure of nutrition in- 
volves one factor only, or more than one. If more than one fac- 
tor is involved, a similar procedure, but with the addition of all 
possible combinations of pairs of the isolated food ingredients 
listed above, followed if need be by another series of feeding ex- 
periments in which animals are fed the natural foodstuff supple- 
mented with three such uncomplicated additions, in all possible 
combinations, and if necessary another experiment in which all 
four additions are made, will give us results which make it possible 
te consider the components of our rations in an entirely new light. 
Provided the foodstuffs contain a toxic substance, special proce- 
dures will have to be devised for studying its effects. 

Similar studies must also be made by this method of procedure, 
with pairs of the important foodstuffs in varying proportions, the 
variation of the mixture including sufficient range to reveal the 
degree to which the deficiencies of the protein mixture of one 
grain are corrected by the peculiar quantitative relationships 
among the amino-acids yielded by the proteins of the other grain. 
The same may be said for the factors other than protein. In this 
way we shall become able to interpret the biological value of the 
mixtures of natural foodstuffs which make up the rations which 
are in common use, in which the attempt is now made to make 
for safety through variety. We have carried our inquiry into the 
nature of the dietary deficiencies of several natural products far 
enough to convince us of the practicability of this method of study. 
Young rats fed wheat embryo alone never make any growth, al- 
though they may live somewhat beyond 4 months (Chart 1). 
When young rats are fed a mixture of 60 parts of wheat embryo 
and 40 of dextrin, a mixture which furnishes about 20 per cent 
of protein, very slow growth takes place, and the animals may 
live for 4 months or more without loss of weight (Chart II1). The 
addition of calcium lactate (2 per cent) to this food mixture will 
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at any period of their growth suspension induce a noticeable in- 
crease in body weight. 

We were led to conclude by our experiments on growth in ani- 
mals fed diets of low protein content, and by metabolism studies 
with pigs which received all their protein from the wheat embryo, 
that these proteins have a high biological value. Rats can make 
an appreciable amount of growth on diets carrying but 4 per cent 
of wheat embryo proteins,’ and pigs can retain as much as 39 
per cent of the ingested wheat embryo proteins for growth.?® 
Since it is not possible when 60 per cent of wheat embryo is em- 
ployed in the ration to imitate by salt additions the mineral con- 
tent of any rations which we have fed successfully, because of the 
high mineral content of the embryo itself, we tried lowering the 
content of this constituent to give a protein content of 10 per 
cent in order to be able to make salt additions to the diet with 
the prospect of rendering the mineral content a favorable one for 
growth. Lot 521 (Chart III) shows how marked is the improve- 
ment of the animals resulting from the correction of the inorganic 
content of the diet. After 2 to 3 months failure supervenes, ac- 
companied by what appeared to be an infection of the ears, and 
an edema of the eyes which is frequently seen in rats suffering 
from an inadequate supply of the fat-soluble A. Ether-extracted 
wheat embryo gave us much better nutrition than unextracted ma- 
terial. The cause of this will appear later. 

That the failure of nutrition of the rats in Lot 521 (Chart III) 
was due to a lack of the fat-soluble A is made apparent by the 
performance of Lot 397 (Chart IV) whose ration was identical 
with that of Lot 521 except that 5 per cent of butter fat replaced 
an equivalent amount of dextrin. These rats grew to normal 
size more rapidly than the curve of normal expectation led us 
to anticipate and the two females each produced two litters of 
young. None of these young were reared, however. This and 
the fact that the three rats in this group all died after 9 and 
10 months, led us to suspect that the ration still possessed certain 
unfavorable factors in some degree. The low protein content 
may be sufficient to explain this, but the history of Lot 508 (Chart 


8 McCollum and Davis, J. Biol. Chem., 1915, xx, 415. 
® McCollum, E. V. See Henry, W. A., and Morrison, F. B., Feeds and 
Feeding, Madison, 15th edition, 1915, 80. 
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V) points to some other explanation as more probable. It is in- 
teresting to note that if Ration 397 is fed without the salt mixture 
addition it is incapable of inducing any growth whatever (see 
Chart VIII, Lot 585). The specific reasons for this we shall dis- 
cuss later in connection with another investigation. 

Lot 508 (Chart V) received the same ration as Lot 397 (Chart 
IV), except that 5 per cent of dextrin was replaced by 5 per cent 
of purified casein. The growth of these animals has been normal, 
but two females have each failed to keep their two litters of young 
alive beyond the first 3 days of life. We were, therefore, led to 
conclude that there is a slight degree of toxicity in this ration. 
The protein factor in Lot 397 is therefore not the only factor in- 
volved in preventing repetition of reproduction and the successful 
rearing of the young. 

That there is in reality a certain degree of toxic effect of wheat 
embryo and that this resides in the oil is clearly shown by the 
records of Lot 495 (Chart VI) whose ration differed from Lot 
397 only in that the wheat embryo was not extracted with ether. 
This group made about half normal growth during 3 to 4 months, 
as contrasted with a somewhat more rapid increase in weight by 
Lot 397 than our normal curve predicts. All the animals in 
Lot 495 became emaciated and presented a very miserable ap- 
pearance. 

The ration of Lot 415 (Chart VII) differed from the preceding 
one in having 10 per cent more wheat embryo (43 per cent of the 
food mixture). Although the protein content of this ration was 
raised to 13 per cent by this modification and was 25 per cent 
greater than in Lots 397 and 495 (Charts V and VI), there was 
but slight improvement in the condition of the rats. They pre- 
sented the same general symptoms as did Lot 495. The removal 
of the fats by extraction with ether removes in great measure the 
toxicity of the embryo. We are at present conducting experi- 
ments to determine whether the toxicity of these fats resides in 
the fatty acids themselves or is due to some substance soluble in 
the fats and in ether. 

The marked difference between the nutritive value of the 
ration of Lot 508 (Chart V) with and without the butter fat addi- 
tion is illustrated by comparing this group with Lot 566 (Chart 
IX) which received no butter fat. There was a rapid increase in 
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weight during the first 4 weeks in some of these rats, but complete 
failure of nutrition was never deferred much beyond 70 days, and 
in some cases it took place much earlier. The fat-soluble,A must 
be added to wheat embryo, regardless of what other additions or 
modifications may be made with diets of the character we are 
here considering before normal nutrition can be attained. This 
does not imply the absence of this factor from the wheat embryo; 
indeed McCollum and Davis'® have demonstrated that the lat- 
ter does contain it, and this is further supported by the records of 
Lot 498 (Chart X). This ration will not induce growth without 
the addition of the fat-soluble A. 5 per cent of ether-extracted 
wheat embryo carries enough of this substance to induce growth 
for 90 days in a manner similar to that induced by carefully puri- 
fied protein, carbohydrate, and salts, with a content of 20 per 
cent of milk sugar of ordinary laboratory purity. Such lactose 
carries a sufficient amount of both the fat-soluble A and the water- 
soluble B to induce growth in vigorous individuals at but little 
below the average normal rate, over periods of 60 to 100 days." 
This result reveals the unexpected fact that in removing the 
fats from wheat embryo by extraction with ether the fat-soluble 
A is not wholly extracted. Lot 509 (Chart XI) further illustrates 
this fact. This ration, without the factor in question, does not 
support growth. Both the unknown A and B are supplied by 5 
per cent of fat-free germ, in amounts sufficient to induce good 
growth over several months. It is this tendency of the fat- 
soluble A to remain associated with lactose, together with the gen- 
erous amount of the water-soluble B contained in milk serum 
which determines the growth-promoting power of Osborne and 
Mendel’s protein-free milk. Provided these factors are added, 
success can be attained in nourishing growing animals with salt 
mixtures prepared from purified reagents. Since we have shown 
how the water-soluble B can be obtained from various sources by 
the use of several solvents, it is now easy to conduct experiments 
to compare the relative values of purified proteins under experi- 
mental conditions much more satisfactory than to employ puri- 
fied proteins in rations containing 6.9 per cent of their total ni- 
trogen in unknown forms, as was done by Osborne and Mendel 


10 McCollum and Davis, J. Biol. Chem., 1915, xxi, 179. 
1! McCollum and Davis, J. Biol. Chem., 1915, xxiii, 231. 
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in all cases where the diets contained 18 per cent of protein and 
28.3 per cent of protein-free milk which contained 0.76 per cent 
of N. The desirability of improving the technique of this line of 
investigation is emphasized by our observations that the nitro- 
gen of protein-free milk appears to possess considerable value as a 
source of protein cleavage products.® 

That it is not lack of fats which caused the nutritive depres- 
sion in Lot 566 (Chart [X) is made apparent by the records of 
Lot 523 (Chart XII). These rats were given a ration precisely 
like Lot 508 (Chart V) except that 5 per cent of corn oil replaced 
5 per cent of butter fat. During 98 days these animals were 
markedly depressed in growth, the depression manifesting itself 
only after 30 days. After 98 days butter fat was added to the 
diet, with the result that growth was at once resumed. The 
marked inferiority of corn oil with respect to its content of the 
fat-soluble A as compared with an equivalent amount of butter 
fat is emphasized by these results. That corn oil is not entirely 
without this growth-promoting factor is indicated by unpub- 
lished results of this laboratory. 

Although in Lot 397 (Chart IV) 10 per cent of wheat embryo 
proteins sufficed for normal growth and supported females while 
they produced two litters of young (but without rearing the young), 
and the ration was not improved so far as the rearing of the young 
was concerned by the addition of 5 per cent of casein (Lot 508, 
Chart V), the food mixture is rendered more satisfactory for 
resistance to unfavorable factors which may operate in the diet. 
Thus in Lot 520 (Chart XIII) the ration resembled that of Lot 
523 (Chart XII) in all respects except that the 5 per cent of casein 
of the latter’s ration was replaced by dextrin. These animals 
receiving corn oil as their only source of fat did not make asgood 
growth without the casein added (Lot 520) as did Lot 523. 

This case illustrates a principle in nutrition which has not hith- 
erto been fully appreciated; viz., that a single factor (protein) in 
a ration may appear to admit of the maximum performance of 
the animal with respect to growth, without itself representing the 
optimum amount or character. When this circumstance pre- 
vails, it may entirely escape notice, yet if in another ration ex- 
actly like it except that a second factor tends to injure the animal, 
nutritive failure may result. In such a case as the latter, the im- 
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provement of the protein factor by the addition of more protein 
or by the substitution of a better protein, the plane of protein 
intake remaining unchanged, the animal may make the maximum 
performance notwithstanding the unfavorable character of the in- 
jurious factor of the ration. 

For example, Lot 397 (Chart IV) contains but 10 per cent of 
protein, all furnished by ether-extracted wheat embryo. This suf- 
fices to support growth at the maximum rate. In Lot.495 (Chart 
VI), whose ration was exactly similar except that the wheat em- 
bryo carried the toxic wheat embryo fats, marked depression of 
growth was observed. Lot 524 (Chart XIV) received the same 
ration as did Lot 495, but with 5 per cent more protein in the 
form of casein, replacing dextrin, and in spite of the toxic effect of 
the embryo fats growth was normal for a period of over 4 months 
and three females produced six litters of young during that per- 
iod, although none of these were reared. This additional 5 per 
cent of casein caused Lot 524 to overcome the toxic action of the 
fats in a considerable degree. Lot 405 (Chart XV), whose ration 
differed from Lot 524 only in having but 2 per cent of butter fat 
while the latter had 5 per cent, illustrates the same principle. 
With the low butter fat content the casein content like that of Ra- 
tion 524 did not protect the animals from the stunting effect of 
the toxic fats. The 5 per cent of casein together with the higher 
content of butter fat served to make the rats of Lot 524 more re- 
sistant to this unfavorable factor. Such results suggest a plau- 
sible explanation for the marked difference in the resistance to 
poisoning with acetonitrile, shown by rats and mice, which re- 
sulted in the experiments of Hunt,” through the influence of the 
diet. We have elsewhere called attention to this same principle 
in its operation in determining whether the inorganic content of 
the diet, when of unsatisfactory make-up, will produce noticeable 
depression in the growth and health of the experimental animals." 

Further illustration of the toxic effect of wheat embryo fats 
is seen in Lot 517 (Chart XVI) whose ration contained but a 
trace of fats from this source, and Lot 448 (Chart XVII) whose 
ration was exactly similar except that the 6 per cent of dextrin 
in the former was replaced by 6 per cent of wheat embryo fats in 


' Hunt, R., Bull. Hyg. Lab., U.S. P. H., 69, 1910. 
13 McCollum and Davis, J. Biol. Chem., 1915, xxi, 641. 
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the latter. The growth curves of Lot 448 are depressed in an 
easily noticeable degree, and a tendency to loss of hair in spots 
further points to the unfavorable effects of this addition. 

The question naturally arises on inspecting the data presented 
in this paper, when in Lots 498 and 509 (Charts X and XI) 5 
per cent of ether-extracted whea; embryo served to furnish enough 
of the fat-soluble A to induce nearly normal growth during a 
period of 3 to 4 months, why does not a ration carrying 33 per 
cent of wheat embryo supply an amount of this substance which 
meets all the needs of the animals? In all such rations we see 
failure without butter fat (Lots 520, 521, and 523) and pronounced 
benefit from its addition to or inclusion in the diet (compare 
Lot 521, Chart III, with Lot 397, Chart IV; Lot 566, Chart IX, 
with Lot 508, Chart V; Lot 405, Chart XV, with Lot 524, Chart 
XIV). This question seems to admit of but one explanation in 
the light of the data available, and this we have adopted tenta- 
tively: Wheat embryo is not entirely freed from its toxicity even 
by long continued extraction with ether (20 hours). When there- 
fore the extracted material is added in progressively greater 
amounts in a series of rations two factors are affected which oper- 
ate in opposition to each other physiologically. When a low plane 
of fat-free embryo is employed a small amount of fat-soluble A 
is introduced, and but little of the toxic substance. The amount 
of the fat-soluble A is not great enough to support young rats 
from infancy through complete growth, and failure ultimately 
supervenes. The toxic factor may even here operate in some de- 
gree to bring about nutritive failure, through a cumulative effect. 
When higher planes of ether-extracted wheat embryo are em- 
ployed, the injurious effects of its toxicity tend to counterbalance 
the beneficial effect of the added fat-soluble A, and the animal is 
prevented from developing normally. 

This hypothesis is in some measure supported by the behavior 
of Lot 463 (Chart X VIII) whose ration consisted of ether-extracted 
wheat embryo 60.0, salts (314) 5.0, and dextrin 35.0 per cent. 
These rats grew at about one-third the normal rate during the 
first 100 days. Thereafter two of the four made a decided re- 
sponse in growth when butter fat was added to the diet. It is 
recognized that the mineral content of this ration is not satisfac- 
tory for growth when any other factors are unfavorable. 
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We present also the records of Lot 463-A (Chart XIX) whose 
ration consisted, aside from its content of 2 per cent of wheat 
embryo, of substances free from the water-soluble B. Even this 
small amount of embryo supplied this factor in quantity sufficient 
to promote growth and well-being over a long period. The con- 
tent of water-soluble B in this ration is doubtless near the mini- 
mum on which nutrition can remain nearly normal, and it is 
highly probable that the resistance of these rats to unfavorable 
agencies of any character would be heightened by a higher content 
of the water-soluble B in the diet. 

In former papers from this laboratory we have pointed out the 
distinctly injurious effects resulting from feeding rations too 
closely restricted to the wheat plant and its parts.” The neces- 
sary modifications of the wheat kernel which led to successful 
nutrition with rations consisting principally of the wheat kernel 
have been described by McCollum and Davis.* In the present 
discussion of the special properties of wheat embryo we are able 
to point out definitely that the toxic factor is in the fat fraction. 
There is a possibility that the failure to attain perfect nutrition 
with rations consisting of fat-free wheat embryo supplemented 
with isolated food substances such as protein, salts, and butter 
fat is to be explained as the result of the failure of ether to remove 
entirely the toxic substance. 


SUMMARY OF RESULTS. 


The experiments reported in this paper reveal the fact that the 
wheat embryo contains qualitatively all the factors essential for 
the promotion of growth and well-being in an animal, but these 
are not so proportioned that it can serve as a satisfactory diet 
without several modifications. ; 

The mineral content must be modified in certain respects be- 
fore growth can proceed at all. 

The character of the proteins is excellent; no other proteins 
from plant sources which we have studied are superior to them. 
Rations containing but 10 per cent of these proteins are wholly 
adequate for growth at the maximum rate. 

Both the fat-soluble A and the water-soluble B, the factors 
which must be supplied by an adequate diet, but whose chemical 


144 Hart, E. B., and McCollum, E. V., J. Biol. Chem., 1914, xix, 373. 





E. V. MeCollum, N. Simmonds, W. Pitz 115 


natures are as yet unknown, are present; the first, in moderate 
concentration; the second, in very high concentration as measured 
by the needs of the growing animal. 2 per cent of wheat embryo 
supplies enough of the water-soluble B to promote growth at the 
normal rate for several months. 

There is contained in the wheat germ a substance which is 
distinctly toxic to animals. This is in great measure removed 
by extraction with ether, and is found in the fat fraction. We 
have not yet determined whether the toxicity is due to peculiari- 
ties in the chemical nature of the fats themselves or to something 
which is associated with the fats. 
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Cuart I. Lot 423. These records show the failure of young rats to 
grow when limited to wheat embryo as their sole source of nutriment. 
The wheat embryo employed in these experiments contained 30.0 per cent 
of protein. 
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Cuart II. Lot 424. Shows a marked improvement in young rats fed 


wheat embryo 60 and dextrin 40 per cent. With this food mixture slow 
but long continued growth can take place (compare Chart I). 
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Cuart III. Lot 521. Illustrates the marked improvement in the 

growth of young rats fed ether-extracted wheat embryo to supply 10 per 

cent of protein together with dextrin and a salt mixture. While failure 

of nutrition supervenes after 3 or 4 months on this ration, the addition of 

butter fat renders it surprisingly efficient in promoting growth and sus- 
tained well-being (compare with Lot 397, Chart IV). 
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Cuart V. Lot 508. This group received a ration similar to Lot 397 
(Chart IV), except that 5 per cent of casein replaced an equivalent amount 
of dextrin. Its protein content was therefore about 15 per cent as com- 
pared with 10 per cent in Lot 397. This modification of the diet was em- 
ployed in order to determine whether the failure of the rats in Lot 397 to 
rear their young was the result of the low protein content of the food mix- 
ture. Since four litters of young produced by Lot 508 have all been allowed 
to die within 3 days, it appears that the low protein content supplied to 
Lot 397 was not entirely responsible for the loss of their young. It seems 
evident that the wheat embryo is slightly toxic even after extraction with 


ether, although this solvent takes out something which is distinctly in- 
jurious. 
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Cuart VII. Lot 415. These records again illustrate the injurious ef- 
fects of the wheat embryo fats, on growing rats. This ration made up 
with ether-extracted wheat embryo would be greatly superior to the for- 
mula here given (compare Lots 397 and 508, Charts IV and V). 








LOT $85, (HART/VIII 
Ratjon:-— 
Wheat embfyo (extrac 
DextfFin 7 
Butter fat 














4 


: 1 
SHEA 
yo 


Cuart VIII. Lot 585. The curves of these rats illustrate the great 
importance of the proper adjustment of the mineral content of the diet. 
The animals in Chart VIII received a ration like that of Lot 397 (Chart 
IV), except that no salt addition was made, dextrin being added in place 
of the salt mixture. In this instance we have an example of a ration in 
which the adjustment of the inorganic content determines whether there 
shall be complete suspension of growth (without salt additions), or growth 
at a rate exceeding the normal expectation, as illustrated by Lot 397 
(Chart IV). 
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Cuart [X. Lot 566. This chart illustrates the great benefit to the 
animals of including butter fat, or some fat of the group which possesses 
the same growth-promoting property, in diets where the fat-soluble A is 
supplied by wheat embryo. Although this factor is present, a higher con- 
tent makes the difference between almost complete failure and nearly com- 
plete success in the nutrition of growing animals (compare with Lots 397 
and 508, Charts IV and V). 
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Cuart X. * Lot 498. The ration fed this lot will not support growth 
when either the fat-soluble A or the water-soluble B is absent. The in- 
clusion of 5 per cent of wheat embryo in the food mixture supplies an 
abundance of the factor B (see Lot 463-A, Chart XIX), and enough of the 
factor A to induce nearly normal growth in rats over a period of 90 days. 
The amount is, however, too small to keep the animals in health and growth 
for alonger period. These results justify the assertion that the fat-soluble 
A is present in the wheat germ, and confirms our earlier observation on this 
point.!° 
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Cuart XI. Lot 509. Further illustrates the presence of the fat-soluble 
A in wheat embryo. Without this factor there would be no growth with 
this ration. Both the fat-soluble A and water-soluble B are furnished in 
this ration by 5 per cent of wheat embryo which has been freed from fats 
by extraction with ether (compare with Lot 498, Chart X, and with Lots 
523 and 520, Charts XII and XIII). 
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Cuart XII. Lot 523. That the failure of the rats to grow on Ration 
521 (Chart III) was not due to lack of fats is shown by the records here 
presented. Lot 523 received a ration closely similar to Lot 508 (Chart V) 
except that here the butter fat was replaced by 5 per cent of corn oil. The 
inferiority of these rats as compared with those of Lot 508 which received 
5 per cent of butter fat is unmistakable (compare Lot 508, Chart V, and 
Lot 520, Chart XIII). During the last month covered by these curves 5 
per cent of butter fat was included in the ration, and this resulted in a 
marked response with growth. Corn oil is not the equivalent of butter 
fat in supplying the fat-soluble A (compare Lot 523 with Lot 508, Chart 
V, and Lot 397, Chart IV with Lot 520, Chart XIII). 





E. V. MeCollum, N. Simmonds, W. Pitz 125 











Ratien:- 
Period 1 


Wheat embryo (extracted with et 
Dextrin r ( + am 
e 3 


LOT 920, faim XIII 





Salt |mixt 
Co reial unb dd ’ 
neeey ap cofn oi] 
5% butter |fat 1 led 5 of dextr 
For the cq tionjof sqit 
mixture 3] Chart III 








- 

















df, 
/ 
PS ioe 


4 





rea ot 
50 


Cuart XIII. Lot 520. These curves again point to the fact that corn 
oil is not equivalent to butter fat in its growth-promoting power. The 
fat-soluble A is present in the corn kernel, but in relatively low amount 
(compare Lot 397, Chart IV, and Lot 523, Chart XIT). 
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Cuart XIV. Lot 524. Although 10 per cent of wheat embryo proteins 
are able to support growth at the maximum rate (Lot 397, Chart IV), the 
addition of 5 per cent of casein, as in the ration of Lot 524, enables the 
wnimals to withstand to a marked degree the injurious effects of wheat 
embryo fats (compare Lot 495, Chart VI). The ration of Lot 495 differed 
from that of Lot 524 only in having 5 per cent of casein replacing dextrin. 
These records illustrate how an unfavorable factor of any character in the 
diet may escape notice if all other factors are made favorable. With the 
protein content less favorable (Lot 495, Chart VI), or with the fat-soluble 
A reduced to nearly the minimum requirement (Lots 523 and 520, Charts 
XII and XIII), the toxic effects of the wheat embryo fats manifest them- 
selves. 
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Cuart XV. Lot 405. Illustrates the distinct advantage to the grow- 
ing young of having an abundance of the fat-soluble A in the diet. The 
curves of Lot 405 which received 2 per cent of butter fat are decidedly in- 
ferior to those of Lot 524 (Chart XIV), whose ration differed only in having 
5 per cent of butter fat. 
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Cuart XVI. Lot 517. Showing the records of rats which received a 
ration containing but a trace of wheat embryo fats, as compared with Lot 
448 (Chart XVII), whose ration was closely similar but contained 6 per 
cent of wheat embryo fats replacing 6 per cent of dextrin. The depressing 
effect of the wheat embryo fats is readily seen (compare Lot 448, Chart 
XVII). 
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Cuart XVII. 
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Lot 448. These records show the toxic effect of 6 per cent 
of wheat embryo fats in the diet of these rats. 
below the normal rate, and they were inferior to those of Lot 517 (Chart XVI), 
whose ration was similar except that 6 per cent of dextrin replaced the wheat 
embryo fats of Lot 448 (compare Lot 517, Chart XVI). 


Their growth was distinctly 
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Cuart XVIII. Lot 463. While 5 per cent of ether-extracted wheat 
embryo furnished enough of the fat-soluble A in Lot 498 (Chart X) and 
Lot 509 (Chart XI) to induce good growth over a period of 3 months or 
more, animals whose diets contained liberal amounts of ether-extracted 
embryo (33 per cent or higher) still responded with better growth and im- 
proved well-being to the addition of butter fat, which supplies this factor. 
This we can explain only by assuming that the fat-free embryo still con- 
tains something toxic, and that by making all factors except this toxicity 
as nearly ideal as possible the resistance to the toxic effect is heightened. 
Lot 463 contained twelve times as much of the fat-soluble A as did Ration 
498 or 509, yet growth was depressed and after 100 days the rats still re- 
sponded in two cases to a butter fat addition. The injurious effect of the 
toxic factor runs counter to the beneficial effects of the higher level of the 
fat-soluble A. 
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Cuart XIX. Lot 463-A. These records illustrate the high content of 
the water-soluble B in wheat embryo. Without this factor in the diet this 
ration will not support growth. As little as 2 per cent of wheat embryo 
furnishes enough of this substance to promote growth over a long period, 
but is probably somewhat below the optimum. 








THE SEPARATION OF AUTOGENOUS AND ADDED 
HYDROCYANIC ACID FROM CERTAIN PLANT 
TISSUES AND ITS DISAPPEARANCE 
DURING MACERATION.* 


By CARL L. ALSBERG anp OTIS F. BLACK. 


(From the Office of Drug Plant, Poisonous Plant, Physiological and Fermen- 
tation Investigations, Bureau of Plant Industry, United States 
Department of Agriculture, Washington.) 


(Received for publication, March 23, 1916.) 


Hydrocyanic acid is supposed to occur in plants only in combi- 
nation. It has been identified in glucosides. In plant tissues, 
therefore, the hydrocyanic acid in such a compound as a gluco- 
side must first be set free by hydrolysis before this acid can be 
determined. The hydrolysis has usually been effected either by 
treating the plant tissue with fixed acid, or by macerating the 


material in water alone, or in water in presence of added emulsin 
or other hydrolyzing enzyme. When hydrolysis is performed by 
fixed acids, hydrolysis and distillation are combined in one opera- 
tion by distilling with dilute acid. If maceration either with or 
without added. enzyme causes hydrolysis, the hydrocyanic acid 
liberated is subsequently distilled. In either case the hydrocy- 
anic acid in the distillate is estimated by some of the well known 
methods. 

No systematic study of all factors involved in the separation of 
hydrocyanic acid from plant tissues, such as is customary in the 
study of analytical methods, has been recorded in the literature. 
For example, the possibility of loss of hydrocyanic acid during 
maceration has not been investigated, although there are state- 
ments in the literature indicating that such losses occur. Thus, 
in 1912 Dezani! published an investigation showing that cyanide 


* The essential facts included in this paper were presented before the 
Biological Chemistry Section of the American Chemical Society, in session 


December 27-30, 1911, at Washington, D. C. 
1 Dezani, S., La riduzione dell’ acido cianidrico ad opera dei succhi delle 


piante, Atti IT Cong. naz. chim. appl., Turin, 1911, 368. 
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added to plant juices expressed under a pressure of 300 atmos- 
pheres is decomposed with the formation of ammonia. The work 
reported here by us was essentially completed before Dezani’s 
publication. Further, Waller? finds that in the presence of indif- 
ferent narcotics, such as ether, chloroform, or alcohol, the rate of 
evolution of hydrocyanic acid from the leaves of the cherry laurel, 
Prunus laurocerasus, is much less rapid at 16—18°C. than at 40°C. 
In water at room temperatures practically none is set free. It 
has usually been assumed that, in distilling in presence of small 
amounts of the fixed acid, hydrolysis is rapid. Dunstan and 
Henry* have claimed that lotusin, the cyanogenetic glucoside of 
Lotus arabicus, is less rapidly hydrolyzed by sulfuric acid than 
by hydrochloric acid. Wirth* has shown that in distilling the 
cherry laurel water of the Dutch Pharmacopeia, hydrocyanic acid 
and aldehyde distill over uncombined, combining, however, in the 
distillate until a certain equilibrium is reached. Rocques and 
Lévy® have found that in old cherry brandies hydrocyanie acid 
occurs in combination and is evolved only gradually during dis- 
tillation. Furthermore, after the conclusion of the experiments 
recorded in the present paper, De Jong*® published the observation 
that the enzyme of Pangium edule decomposes the cyanogenetic 
glucoside, gynocardin, forming both a diketone and hydrocyanic 
acid, the latter in part disappearing as such because it combines 
with the diketone. Henry and Auld’ have shown that to a slight 
extent sucrose, levulose, and ammonium sulfate retard the rate 
at which hydrocyanic acid is set free from phaseolunatin by the 


2 Waller, A. D., A new method forthe quantitative estimation of hydro- 
cyanic acid in vegetable and animal tissues, Proc. Roy. Soc., Series B, 
1909-10, Ixxxii, 574. 

3’ Dunstan, W. R., and Henry, T. A., The nature and origin of the poison 
of Lotus Arabicus, Phil. Tr. Roy. Soc., Series B, 1901, exciv, 515. 

‘Wirth, P. H., Untersuchungen iiber Blausiure-Benzaldehydliésungen 
in Verbindung mit Kirschlorbeerwasser, Pharm. Weekblad, 1911, x\viii, 
1049; cited from Arch. Pharm., 1911, cexlix, 382. 

> Rocques, X., and Lévy, L., Sur la nature des compos¢s cyanés des 
kirschs, Compt. rend. Acad., 1909, exlviii, 494. 

° De Jong, A. W. K., La décomposition de la gynocardine par l’enzyme 
des feuilles de pangium edule, Rec. trav. chim. Pays-Bas, 1911, xxx, 220. 

7 Henry, T. A., and Auld, 8. J. M., The occurrence of cyanogenetic 
glucosides in feeding-stuffs, J. Soc. Chem. Ind., 1908, xxvii, 428. 
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enzyme which accompanies this glucoside in a variety of the lima 
bean, Phaseolus lunatus. Glucose present in small quantities 
markedly retards the rate at which hydrocyanic acid is set free, 
while the action of invert sugar isless marked. Apparently, this 
was ascertained by determining the amount of hydrocyanic acid 
set free under each set of conditions. The amount of hydrocy- 
anic acid remaining combined seenrs not to have been determined. 
Henry and Auld’ devised a method for the determination of hy- 
drocyanic acid in plant tissues by which the cyanogenetic gluco- 
side is partially separated from the plant tissue by hot alcohol 
before it is hydrolyzed. 

It is, therefore, evident from the literature that the determi- 
nation of hydrocyanic acid present in plant tissue is a matter of 
some difficulty. The hydrolysis by means of acid is not applica- 
ble in all cases since certain cyanogenetic glucosides, such as amyg- 
dalin, under the usual conditions of distillation with acids yield 
only a small percentage of hydrocyanic acid. The determination 
of hydrocyanic acid by means of an enzyme may be inaccurate, 
as pointed out by Henry and Auld, because of the presence of sub- 
stances such as glucose. Henry and Auld assumed that such sub- 
stances retard the decomposition of the glucoside by the enzyme. 
However, they do not state that this phenomenon might not pos- 
sibly have been due to the combination of the liberated hydrocya- 
nic acid with some constituent of the medium, or to the destruc- 
tion of the hydrocyanic acid, or to its change in such a way that 
it is not recoverable during distillation. The possibility that the 
hydrocyanic acid set free is at once combined or destroyed seems 
worthy of investigation, especially when the determination is 
made by macerating plant tissue before distilling. Under these 
conditions it is probable that the protoplasm of a macerated plant 
remains active for some time. It is easily possible that this pro- 
toplasm retains the power to metabolize the liberated hydrocya- 
nic acid exactly as does the normal plant. 

An investigation of the influence of duration of distillation on 
the yield of hydrocyanic acid from plant tissue and the possibility 
of the disappearance of hydrocyanic acid during maceration is 
presented in this paper. 


8 Ludwig, H., Einwirkung verdiinnter Siuren auf eine Reihe von Bitter- 
stoffen, Arch. Pharm., 1855, exxxii, 138. 
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For this study the cyanogenetic plants Prunus virginiana or 
the common wild or choke cherry, Andropogon sorghum or the 
ordinary sorghum, and the grass Panicularia nervata® were gath- 
ered in the District of Columbia or in Arlington, Virginia, in Au- 
gust and September of 1911 and 1912. For use in control experi- 
* ments Sambucus canadensis, or the common elder, was gathered 
in 1912. All experiments were performed within 6 hours of the 
time of collection of the plants. Only the leaves of these plants 
were distilled from 5 per cent sulfuric acid. The distillate was 
received in an excess of potassium hydrate. Hydrocyanic acid 
in the alkaline distillate was determined according to the method 
devised by Berl and Delpy’® in which the hydrocyanic acid is 
converted into Prussian blue and the latter determined colori- 
metrically. 

- 100 gm. portions of the unmacerated leaves of Andropogon 
sorghum, of Panicularia nervata, and of Prunus virginiana, and 100 
gm. portions of the macerated leaves of Prunus virginiana were 
separately distilled in 5 per cent sulfuric acid, the distillate at the 
end of each half hour being tested to learn when hydrocyanic acid 
ceases to be evolved. At a uniform, slow rate of distillation it 
was found that at the end of the first hour of distilling all of the 
hydrocyanic acid from Andropogon and Panicularia had been 
evolved. It required, however, 4 hours to distill all of the hy- 
drocyanic acid from Prunus. This was true of the portions con- 
taining the macerated leaves as well as of those containing the 
unmacerated leaves. Even increasing the rate of distilling to 
violent boiling did not increase the rate at which hydrocyanic 
acid was set free. 

Experiments were also made which show the effect of macera- 
tion on the amount of hydrocyanic acid obtainable from Prunus 
virginiana. Other experiments were made to show the effect of 
maceration on the amount of hydrocyanic acid recoverable from 
Andropogon sorghum and from Sambucus canadensis to which in 
some cases potassium cyanide alone had been added and to which 


® Alsberg, C. L., and Black, O. F., Concerning the distribution of cyan- 
ogen in grasses, especially in the genera Panicularia or Glyceria and Tridens 
or Sieglingia, J. Biol. Chem., 1915, xxi, 601. 

1 Berl, E., and Delpy, M., Uber die quantitative colorimetrische Bes- 
timmungen kleiner Blausiure-Mengen, Ber. chem. Ges., 1910, xliii, 1430. 
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in others potassium cyanide and glucose had been added. The 
experiments with Prunus virginiana and Andropogon sorghum are 
recorded in the table. 


TABLE I. 


The Quantities of Hydrocyanic Acid Recoverable from the Leaves of Prunus 
virginiana and of Andropogon sorghum Macerated with Potassium 
Cyanide. 





| 


Maceration. HCN as KCN. 


per 





cent H2SOs. 

leaves esti- 
mated as KCN. 
added. 


in 
Weight of KCN 


Weight of leaves. 
Autogenous HCN 


Volume of 5 





— 
= 
2 
° 

Ss 


Prunus virginiana. 
“ “ 


Ss 





Andropogon sorghum. 


“ 





Andropogon sorghum.| 50 
“ 50 



































In Experiment 1, given in section A of the table, 50 gm. of the 
finely comminuted leaves of Prunus were distilled at once from 
350 cc. of 5 per cent sulfuric acid. In Experiment 2 of the table 
distillation was made after the comminuted leaves of Prunus had 
macerated in distilled water for 24 hours in a stoppered flask in 
presence of toluene, enough concentrated sulfuric acid being added 
just before distillation to make a 5 per cent solution. In other 
experiments, not tabulated, 50 gm. portions of the comminuted 
leaves were macerated with 350 cc. of distilled water, or with 
water and enough toluene to inhibit the growth of microorgan- 
isms. After standing 18 to 24 hours enough concentrated sul- 
furic acid was added to each flask to give a concentration of 5 
per cent of sulfuric acid and the mixture was immediately distilled. 
As appears from section A of the table only a portion of the hydro- 
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cyanic acid present in the plant was recovered after maceration. 
In the experiments recorded in section B of the table the same 
phenomenon in the leaves of Andropogon sorghum is further studied. 
In the case of Experiment 3 the distillation was made at once, as 
just described for the leaves of Prunus. In all of the subsequent 
experiments the finely comminuted leaves were macerated for 
varying lengths of time with added potassium cyanide. In Experi- 
ment 4 maceration was made at room temperature, while in Ex- 
periments 5 to 7 incubation was made at 37°C. For Experiments 
8 and 9 of section C of the table 100 gm. of the comminuted leaves 
of Andropogon were heated quickly to the boiling point, and, 
after cooling, divided into two equal portions. One of these (Ex- 
periment 8), after receiving enough sulfuric acid to give a 5 per 
‘ cent solution, was distilled at once; the other (Experiment 9) 
was macerated in presence of added potassium cyanide and in- 
cubated at 37°C. before distillation from sulfuric acid, as shown 
in the table. In all cases less hydrocyanic acid was found after 
maceration, either with or without the addition of cyanide, than 
could be obtained by distillation of the fresh comminuted leaves. 
The calculated findings of autogenous hydrocyanie acid are based 
on the findings given in Experiments 3 and 8. 

For purposes of comparison between cyanogenetic and non- 
cyanogenetic plants, 50 gm. portions of the finely comminuted 
leaves of Sambucus canadensis were distilled at once from 350 
ee. of 5 per cent sulfuric acid. No cyanide could be detected in 
the distillate. Other 50 gm. portions of the leaves of Sambucus 
were allowed to macerate in stoppered flasks for 24 hours in 350 
ce. of water in presence of toluene. They were then distilled after 
adding enough concentrated sulfuric acid to give a 5 per cent so- 
lution. No cyanide could be detec ‘ed in the distillate. To other 
50 gm. portions known amounts of a standardized solution of 
potassium cyanide were added in a total volume of 350 cc. Of 
these mixtures a number were distilled at once with enough con- 
centrated sulfuric acid to give a 5 per cent solution. All the cya- 
nide added was recovered in the distillate. The other mixtures 
were not distilled at once, but were allowed to macerate in stop- 
pered flasks in presence of toluene from 6 to 36 hours. All of 
the cyanide was recovered in these experiments also. 

In certain other experiments not recorded in the table 100 gm. 
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portions of leaves of Andropogon sorghum and leaves of Sambucus 
canadensis were macerated with known amounts of added potas- 
sium cyanide and 5 gm. of glucose. As controls similar experi- 
ments without glucose were performed. After 18 hours of mac- 
eration at room temperature, all of the portions were distilled 
in the manner above described. The amount of hydrocyanic acid 
recovered was as great from those portions that had been macer- 
ated with glucose as from those without it. 

It is evident from the experiments reported in section A of the 
table that the amount of hydrocyanic acid which can be sepa- 
rated by distillation with a 5 per cent sulfuric acid from the 
leaves of Prunus virginiana is greater if they are distilled at once 
than if they are first macerated. It therefore follows that during 
maceration the hydrocyanic acid naturally present in the plant is 
in part either destroyed or converted into a form in which it is 
not separable by hydrolysis in the usual way. It is evident from 
experiments recorded in section B of the table that in the case of 
Andropogon sorghum added cyanide can be recovered only in part 
after maceration. Apparently, the macerating plant tissue ex- 
erts the same action upon added cyanide that it exerts upon hy- 
drocyanic acid set free from its glucoside. Results recorded in 
section C of the table give some indications concerning the nature 
of the mechanism which is responsible for the disappearance of 
the cyanide. This experiment shows that in the presence of com- 
minuted sorghum that has been heated, cyanide disappears, at 
least to as great a degree as in the presence of unheated, com- 
minuted sorghum. It therefore follows that the mechanism is not 
dependent upon the presence of living protoplasm or of enzymes. 
Hence it is probable that in the case of sorghum, at any rate, the 
disappearance of the:cyanide is dependent upon some chemical or 
physical phenomenon. It is probably not due to adsorption by 
the plant fiber, for, if tha: were the case, it would have occurred 
with Sambucus. Whether this phenomenon is a reaction with al- 
dehyde or with some other reacting substance, or is some quite 
different phenomenon remains to be ascertained. It is apparent 
from the experiments with Sambucus canadensis that this phe- 
nomenon is not universal in plant leaves. If it is a chemical 
phenomenon it would be natural to suppose that it might be ni- 
trile formation since most plants contain a variety of aldehydes, 
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the commonest of which is glucose. That glucose is not con- 
cerned in the phenomenon is evident from che experiments above 
described. 

It follows from the results above described, as well as from the 
statements in the literature, that there are a number of causes for 
the losses of hydrocyanic acid from plant tissues whereby the 
accuracy of ‘he determination of hydrocyanic acid in plant tissues 
is impaired. That these facts must be considered in making such 
determinations has not hitherto been recognized. Among the 
causes of these losses are incomplete hydrolysis of the glucoside 
and disappearance of the hydrocyanic acid during maceration. 
In making determinations of hydrocyanic acid in plant tissues, 
therefore, the duration of distillation for the complete removal of 
the hydrocyanic acid must be determined for each species. More- 
over, it is necessary in determining hydrocyanic acid in plants to 
do so by maceration, by direct distillation, separately, of both the 
fresh and the macerated plant, and by distillation, after extrac- 
tion, as suggested by Henry and Auld. In this way the method 
which yields the greatest quantity of hydrocyanic acid can be 
determined for each species. 


SUMMARY. 


In this paper it has been shown that the leaves of Prunus vir- 
giniana must be distilled with acid 4 hours before all of the hydro- 
cyanic acid is liberated, whereas in Andropogon and Panicularia 
less than 1 hour is sufficient to liberate all hydrocyanic acid pres- 
ent. It is further shown that in macerating plant tissues that 
contain hydrocyanic acid a certain amount of the hydrocyanic 
acid present or of cyanide that may be added is so converted 
that it is not recoverable by distillation with sulfuric acid. This 
is not due to the action of enzymes or to the presence of glucose. 
It is here shown that in determining hydrocyanic acid in plants 
several methods in corroboration of each other must be used. 
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Tridens flavus (L.) Hitchcock (1) is a grass sometimes attaining 
a height of 6 feet. It has been described by different botanists 
under a variety of names. The most important synonyms are 
Steglingia sesleroides (Mich.) Scribner, Triodea cuprea Jacquin, and 
Poa flava (L.). It is found widely distributed in the United States, 
occurring from Massachusetts to Kansas and south to Texas. The 
specimen described by Linnaeus was obtained from Virginia and 
had a yellow panicle, hence the name flavus. The specimen on 
which our work was done had a purple panicle. This form is the 
most common in or around the District of Columbia. 

In a series of investigations on grasses (2) it was found that 
Tridens flavus yielded hydrocyanic acid. In our present work we 
used plants collected in August, September, and October, 1914. 
The hydrocyanic acid was liberated by distilling the plant with 
dilute sulfuric or tartaric acids and the amounts were determined 
colorimetrically as Prussian blue (3). 

The whole plant, including the roots, collected on Aug. 18 and 
examined without drying, yielded 0.0075 per cent of hydrocyanic 
acid. In the plant collected on Sept. 22 we found only a trace 
of hydrocyanic acid, and none in plants collected in October. 
That the hydrocyanic acid was not present in the free state in 
the plant collected in August was shown by the fact that a distilla- 
tion with steam gave a negative result. 

The August plant, after drying in desiccated air at 50°C., re- 
tained 0.0066 per cent of hydrocyanic acid, and this quantity still 
























! This paper was presented at the meeting of the Society of Biological 
Chemists held at St. Louis in December, 1914. 
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remained after the dried plant had been ground and left exposed 
to the laboratory atmosphere for 3 months. A sample of the 


' fresh August plant was dried in the laboratory atmosphere for 


more than a month. When examined at the end of this period 
it contained only 0.0015 per cent of hydrocyanic acid. Another 
sample of the same plant, stored for the same length of time at 
0°C. gave 0.0013 per cent of hydrocyanic acid. Parts of the fresh 
August plant, dried in the same manner and for the same length 
of time, weré examined to ascertain the distribution of the hydro- 
eyanic acid in the plant, with the following results: 
per cent 
Inflorescence tops stripped of flowers..................... 0.0037 
RE TR eal GAME FBS LES Nick Peo ES RRL Rab 1" 0.0030 


att. U.S E Hein by ods olkh dele Me enue se eo eee 0.0017 
NY SRNR i 5h sed Wee bin > <a Rawawbebe tes vty RAED 0.0000 


The flowers selected for this experiment became mouldy, but 
after drying still gave about 0.0002 per cent of hydrocyanie acid. 
An analysis of flowers from the August plant, which had been 
stored at O°C., was made and 0.0025 per cent of hydrocyanic 
acid was found. The very small amount of this acid found in the 
September plant was located chiefly in the unripe seeds. Fresh 
ripe seeds from the October plant gave a negative test. 

We found that when Tridens was macerated for some time in 
water before distilling with acid, a considerable loss of hydrocyanic 
acid ensued. This result agrees with recent observations made by 
Alsberg and Black (4) on other plants and may have an important 
bearing on the results obtained by other workers in this line. 
For instance, in the investigations of Treub (5) on a large number 
of plants, the quantity of hydrocyanic acid obtained was increased 
by macerating the plant before distilling. Apparently in a num- 
ber of cases where such an increase was observed after maceration, 
the material was distilled without the addition of a strong acid. 
If the macerated or unmacerated plant had been distilled together 
with a strong acid, different results might have been obtained, 
depending, of course, on the character of the cyanogenetic com- 
pound present. 

Many cases are well known where hydrocyanic acid is liberated 
from plant material during maceration in water. The liberation 
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of the hydrocyanic acid in such cases is due to an enzymic reac- 
tion. For example, when bitter almonds are macerated with 
water, the enzyme emulsin (6), which is present together with the 
amygdalin, decomposes this cyanogenetic compound mainly in 
such a manner that the hydrocyanic acid is set free. The enzyme 
reaction proceeds as follows: 









® C.H;.CH(CN) .O.CgH 904.0. Ce Hy );+H.O 
Amygdalin 
=C,H;.CH(CN) .O.C,.H::05;+CeHi2O¢ 
Mandelonitrile glucoside Glucose 
2. CsH;.CH(CN).O.Cs.H,,0;+H.O =C.H;.CH(CN).OH+CeHi2.0¢ 







Mandelonitrile glucoside Mandelonitrile Glucose 
3. CsH;.CH(CN).OH=C,H;.CHO a HCN 
Mandelonitrile Benzaldehyde Hydrocyanic acid 





On the other hand, if the bitter almonds are distilled under 
usual conditions with acids without previous maceration the main 
reaction is different, resulting in the formation of mandelonitrile 
and glucose, only a small quantity of hydrocyanic acid being ob- 
tained.2, The mandelonitrile is further hydrolyzed by acids to 
mandelic acid and ammonia. These reactions may be shown as 
follows: 










1. CeoHe7NOiw.+2H,0 =C,H;.CH(CN).OH+2C.H 120, 
Amygdalin Mandelonitrile Glucose 
2. C.H;.CH(CN).OH+2H,.0=C,H;.CHOH.COOH + NH; 


Mandelonitrile Mandelic acid Ammonia 













It has also been observed that when certain plants are macer- 
ated in dilute solutions of potassium cyanide (4) a large quantity 
of the potassium cyanide cannot be recovered as hydrocyanic acid 
by subsequent distillation with a stronger acid. Tridens belongs 
to this class of plants. When known weights of potassium cyanide 
were added to a mixture of the plant and water in tightly stop- 
pered flasks which were kept at temperatures varying from 
(-30°C., a loss of potassium cyanide occurred in every case and 
this loss increased with the period of maceration. When sodium 
hydroxide was added to the above mixture the loss of cyanide was 

















? Experiments on the distillation of amygdalin with acids under varying 
conditions have been undertaken and will be reported in another paper. 
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much greater. On the other hand, when tartaric acid was added 
to the mixture of plant, water, and potassium cyanide, there was 
no loss of cyanide on distilling after maceration. The loss of 
cyanide might be due to a chemical reaction between some of the 
compounds contained in the plant and the potassium cyanide. 
It is well known that cyanides react with a large number of or- 
ganic compounds, such as aldehydes and ketones.* 

The loss of cyanide during maceration might also be ascribed 
to an enzymic action, such as the action of a plant oxidase that 
could change the potassium cyanide to potassium cyanate. 

In this connection it might be well also to consider the action of 
bacteria which could grow in the maceration mixture. 

Adsorption of the potassium cyanide by the plant during the 
period of maceration might also account for this loss, since it has 
been found that vegetable fibers adsorb salts (7). 

To ascertain if volatile aldehydes or ketones were present, 
which would react with the cyanide, we made an infusion of the 
plant with water and distilled over more than one-half of the 
liquid. Potassium cyanide was allowed to stand in this distillate, 
and on acidifying and distilling there was no loss of cyanide. A 
portion of the distillate was made alkaline with sodium hydroxide, 
potassium cyanide was added, and after standing a day all the 
cyanide was recovered. Hence the loss of potassium cyanide was 
not due to volatile aldehydes or ketones. ; 

The plant mentioned above, which had been heated more than 
1 hour during the distillation, still had the power of acting on 
potassium cyanide, the loss being over 20 per cent on macerating 
for 27 hours at 15°C. As the distillation removed only volatile 
products, it is still possible that the loss of potassium cyanide was 
due to a chemical reaction. 

Attempts were also made to prevent enzyme action by boiling 
the plant in alcohol and by macerating with dilute alcohol. On 
subsequent distillation, either with or without the addition of 
acids, only a part or none of the available hydrocyanic acid was 
obtained. 


3 Dezani has shown that hydrocyanic acid is transformed to ammonia 
by vegetable juices (Atti IJ Cong. naz. chim. appl., Turin, 1911). Our 
attention was called to this paper after we had been forced to discontinue 
our experiments on account of lack of material. 
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To exclude definitely the action of enzymes the October plant 
was heated in dry air up to 130°C. for 4 hours. On maceration 
with potassium cyanide at 15°C. for 43 hours, the loss of cyanide 
was about 60 per cent. The August plant, heated in the same 
manner, although it lost three-fourths of its available hydro- 
cyanic acid, still acted on potassium cyanide under similar condi- 
tions, also causing a loss of about 60 per cent. 

To exclude the action of bacteria and enzymes and the adsorp- 
tion of potassium cyanide by plant fibers, an aqueous extract 
from the October plant was filtered and sterilized. Potassium 
cyanide was added to this liquid and a loss of 40 per cent of 
cyanide was observed after the mixture had stood at 15°C. for 
45 hours. These results indicate that the loss of potassium 
cyanide is due to a chemical reaction. 

That an enzyme is present in T'ridens was shown by the action 
of the October plant on a solution of amygdalin. In 20 hours, 34 
per cent of the amygdalin was hydrolyzed. The action of emulsin 
on Tridens flavus was tried and the same quantity of hydrocyanic 
acid was found as in a control experiment without emulsin. 

When more material is available we intend to continue our 
studies on this plant and attempt to isolate the cyanogenetic 
compound and the enzyme. 


EXPERIMENTAL PART. 


The general method employed to obtain the hydrocyanic acid 
from the plant was as follows: The plant was placed in a flask of 
convenient size. The material was then covered with a measured 
volume of water, and sulfuric, or usually solid tartaric, acid was 
added to make a 5 to 10 per cent solution. The flask was imme- 
diately attached to a condenser, to the end of which a delivery 
tube was fitted. This tube was dipped into a dilute solution of 
sodium hydroxide. The mixture was boiled until the distillate no 
longer gave a test for hydrocyanic acid. In the case of Tridens 
all the available hydrocyanic acid was obtained before one-half 
of the water had distilled over. The volume of the distillate was 
ascertained, and an aliquot part was analyzed by converting the 
cyanide to Prussian blue and estimating this colorimetrically (3). 
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Determination of Hydrocyanic Acid in Tridens Collected on Aug. 18. 


250 gm. of the whole fresh plant, including the root, were dis- 
tilled without previous maceration, as described above. The 
yield of hydrocyanic acid was 0.0075 per cent. 

A large sample of the above mentioned plant was dried at 50°C. 
in a stream of desiccated air. This material was then ground and 
left exposed to the laboratory atmosphere. Portions were ana- 
lyzed at different intervals up to Nov. 9. All these analyses gave 
0.0066 per cent of hydrocyaniec acid. 


Effect of Maceration on the Yield of Hydrocyanic Acid. 


To determine the influence of maceration, experiments were 
made with the ground August plant dried as mentioned above. 
This contained 0.0066 per cent of hydrocyanic acid. The results 
given in Table I indicate that maceration diminished the quan- 
tity of available hydrocyanic acid. 


TABLE I. 
Effect of Maceration on the Yield of Hydrocyanic Acid. 





HCN 
recovered 
as KCN. 


Weight Water Time of —- 


C HCN in a. 
of plant. added. maceration. Fitna as KCN. 





gm. ce. hrs. . ©. gm. gm. 
50 600 6 15 0.008 0.0057 
50 600 18 15 0.008 0.0047 
50 600 18 Room. 0.008 0.0040 

100 1,000 20 a 0.016 0.0091 
50 600 23 15 0.008 0.005 
50 600 42 15 ; 0.0052 
50 600 65 15 0.0034 
25 300 2 34 0.0036 
25* 300 2 34 : 0.0036 
25 300 24 34 ; 0.0000 
25* 300 24 34 0.0000 























*0.5 gm. of emulsin added. 


Effect of Distilling with and without the Addition of Acid under 
Varying Conditions. 


Experiments were made to determine the effect of distilling the 
macerated or unmacerated plant without the addition of acid. 
It was found that in every case distillation without the addition 
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of acid resulted in a partial or complete loss of the available hydro- 
eyanic acid. Similar experiments were made in which dilute 
alcohol was used instead of water. The losses here were more 
pronounced. The results of these experiments are shown in Table 


If. 


TABLE II. 


Effect of Distilling with and without the Addition of Acid under Varying 
Conditions. 





HCN 
Tempera- in 

ture of plant : 

maceration.| as KCN 
KCN awe 


HCN 
recovered Loss of Manner 
HCN. of distilling. 


ght of | 


’ Time of 
Water added. ° 
; idded maceration. 


+ 
a 


int. 


pl 


| Wei 





. gm. gm. per cent 
1,000 | 0 —- 0.045) 0.045 — | With acid. 
0 —- 0.045) None. 100 | Steam without 

acid. 
0 0.004; Trace. Near-| Without acid. 
ly 100 
Boiled in — 0.004! 0.00075 81 

water 30 

min. 








20 0.004) 0.0036 0 With acid. 


20 0.004) 0.0030 25 Without acid. 
26 0.004) 0.003 25 
48 : 0.004) 0.0028 30 ™ 


“ 





0 - 0.004| None. 100 
50 per cent 
alcohol. 
400 Boiled in 
50 per cent 200 cc. 
alcohol. of 95 per 
cent al- 
cohol 30 
min. 
500 Boiled in | Room. 2 With acid. 
50 per cent the 50 
alcohol. per cent 
alcohol 
15 min., 
macer- 
ated 39 
hrs. 
500 40 5 Without acid. 
50 per cent 
alcohol. 
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Effect of Adding Potassium Cyanide before Maceration. 


Experiments were performed to ascertain the effect of macerat- 
ing the plant together with added known quantities of potassium 
One series of experiments was made with the August 


cyanide. 


plant which contained hydrocyanic acid (Table ITI). 


Another 


series of experiments was made with the October plant which did 
not contain hydrocyanic acid (Table IV). 


TABLE III. 
Effect of Adding Potassium Cyanide to the August Plant before Maceration. 





| Weight of 
plant 


Water 
added. 


Time 
of 


ation. 


macer- 


Tempera- 
ture of 
maceration 


HCN in 
plant 
-| as KCN. 


| 
Weight of 
KCN 
added. 


HCN 
recovered 


as 
KCN. 


weight of 
KCN. 


Calculated 


Loss of 
HCN. 





Ars. 


17 
168 


*C. 
15 
15 


gm. 


0.008 
0.001 


gm. 
0.008 
0.008 


gm. 


0.0107 
0.0037 


per cent 
33 
59 


168 
0 


0.001 
0.008 


0.008 
0.008 


0.0038 
0.014 


58 
13 





























TABLE IV. 
Effect of Adding Potassium Cyanide to the October Plant before Maceration. 





HCN in 
plant 
as KCN. 


Tempera- 
ture of 
maceration. 


| Weight of 
KCN 
added. 


HCN 
recovered 
as KCN. 


Weight of 
plant. 


Water 


_ Time of 
added. 


r Loss of 
maceration. 


HCN. 





gm. 
50 
100 
100 
100* 
None. ** 


ww. 
15 
15 
15 


Room. 


“< 


hrs. 
26 
67 
67 
23 
23 


cc. 

500 
1,000 
1,000 
1,000 
1,000 


gm. gm. 


0.050 
0.050 
0.050 
0.050 
0.050 


gm. 


0.0107 


None. 
“ 


0.025 
0.050 


per cent 
79 
100 
100 
50 

None. 


None. 


“ 


























* In this experiment the plant was boiled in water for } hour, and KCN 
was added to this cooled mixture before macerating. 

** This experiment was made as a control and conducted exactly as the 
previous one, except that no plant was added. 


Effect of Macerating the Plant in a Solution of Tartaric Acid. 


25 gm. of the August plant containing a quantity of hydro- 
cyanic acid equivalent to 4 mg. of potassium cyanide were macer- 
ated in 300 cc. of 10 per cent tartaric acid for 48 hours at room 
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temperature. On distillation all the cyanide was recovered. In 
a check experiment 14.4 mg. of KCN were recovered instead of 
15 to 16 calculated from the weight of the plant used. 


Effect of Macerating the Plant in a Solution of Sodium Hydroxide. 


25 gm. of plant containing a quantity of hydrocyanic acid 
equivalent to 4 mg. of potassium cyanide were macerated in 300 
ec. of a 0.5 per cent sodium hydroxide solution for 46 hours at 
room temperature. Only a trace of hydrocyanic acid was re- 
covered. 


Enzymic Action of Tridens on Amygdalin. 


For this experiment the October plant which contained no 
hydrocyanic acid was used. 50 gm. of this plant were macerated 
for 20 hours at room temperature in 500. cc. of water containing 
0.5 gm. of Merck’s amygdalin (melting point 215°C.). On dis- 
tilling without adding acid, 34 per cent of the theoretical yield of 
hydrocyanic acid was obtained. 


SUMMARY. 


1. The presence of notable quantities of hydrocyanic acid in 
Tridens flavus, a common grass, has been confirmed. 

2. While a considerable quantity of hydrocyanic acid was found 
in the plant collected in August, only a trace was found in plants 
collected in September, and none in October plants. 

3. No free hydrocyanic acid was obtained by direct distillation 
with steam. 

4. By maceration with water, and subsequent distillation with 
acid, less hydrocyanic acid was obtained than by direct distillation 
with acid. 

5. Distillation of the macerated or unmacerated plant without 
the addition of acid resulted in a partial or complete loss of the 
available hydrocyanic acid. 

6. The quantity of hydrocyanic acid obtained from Tridens 
flavus was not increased by macerating with emulsin. 

7. The maximum quantity of hydrocyanic acid was found in the 
inflorescence tops, while only a trace was found in the roots. The 
ripe seeds did not contain hydrocyanic acid. 
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8. When the plant was macerated in water containing a known 
weight of potassium cyanide, considerable loss of potassium 
cyanide resulted. If tartaric acid was present during the macera- 
tion of the plant with potassium cyanide, all the latter could be 
recovered; when sodium hydroxide was present the loss of potas- 
sium cyanide was complete. 

9. The loss of cyanide during maceration is probably due to a 
chemical reaction. 

10. Tridens flavus contains an enzyme which hydrolyzes 
amygdalin. 
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This paper presents the results of studies made on the blood 
sugar content of human beings subjected to the different influenc- 
ing factors incidental to surgical procedures of various kinds. 
The series of studies made offers an opportunity for comparing 
the results obtained in human beings with those obtained on ani- 
mals. In the studies made by means of animal experimentation, 
it has been found by various observers that a hyperglycemia 
occurs under many different conditions, such as fright, anesthesia, 
loss of blood, laparotomy, and the administration of certain drugs. 

Recently one of us in cooperation with Baehr' found that the 
hyperglycemia which results from loss of blood is due to the fact 
that the body places into the circulation very rapidly an amount 
of sugar equal to that lost in the blood removed. The percentage 
of blood sugar rises, therefore, without any actual change in the 
total amount of sugar taking place in the circulating blood. A 
review of the literature on the subject of experimental hyper- 
glycemia leads us to believe that in many instances the phenome- 
non was incidental (from the nature of the methods employed) 
rather than the direct result of the conditions imposed by the ex- 
periments. It is possible that with the newer and simpler methods 
of blood sugar analysis now at our command the conclusions 
arrived at will differ from those thus far recorded. 

We were able, through the courtesy of the attending surgeons 
of the Hospital, to study the changes in the sugar content of the 
blood of patients requiring surgical interference. This class of 
cases was selected for study for the following reasons: (1) All 


1 Epstein, A. A., and Baehr, G., J. Biol. Chem., 1914, xviii, 21. 
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such patients are obliged to fast for a period of 12 to 20 hours 
prior to operation. Hence we could obtain a number of deter- 
minations of the blood sugar content under similar alimentary 
conditions. (2) In the period of preparation, the apprehension 
experienced by the patient is sufficient to constitute a psychic 
factor. The first specimen of blood examined was obtained in the 
anesthesia room just prior to operation. (3) It is possible in 
these cases to study the effect on the sugar content of the blood, 
of a number of other influences; viz., (a) anesthesia, general and 
local; (b) nature and location of the disease; (c) nature and 
location of the operation (whether intra- or extraperitoneal) ; 
(d) loss of blood. (4) It was also possible to study the occur- 
rence of post-operative glycosuria and its relation to hyper- 
glycemia. 












Method. 







The determination of the blood sugar content was made ac- 
cording to the method of Lewis and Benedict,” modified in certain 
respects for our purposes. The blood was obtained by veni- 
puncture and three determinations were made in each case: (a) 
just before anesthesia; (b) directly after operation; (c) 24 hours 
(in some cases 48 hours) after operation. 













The Blood Sugar before Anesthesia. 


In all, seventy-seven cases were studied. From the determi- 
nations made prior to anesthesia (after a period of starvation 
varying from 12 to 20 hours) the followmg conclusions were made: 

The sugar content of the blood in males, (ranging from 15 
to 74 years in age) varied from 0.074 to 0.109 per cent. In fe- 
males (ranging from 15 to 60 years in age), the readings varied 
from 0.066 to 0.104 per cent. Thus the average for males was 
0.096 per cent, and for females 0.084 per cent, giving a general 
average of 0.09 per cent for both sexes (see Tables I and II). 
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These results correspond in general with those of other investigators. 
Thus Liefmann and Stern’ using Knapp’s method of analysis, found values 










2 This work was done while the micro method of blood sugar analysis 
devised by one of us was being perfected. Epstein, J. Am. Med. Assn., 
1914, Ixili, 1667. 

3 Liefmann, E., and Stern, R., Biochem. Z., 1906, i, 299. 
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ranging from 0.065 to 0.105 per cent. They regarded 0.11 per cent as a 
beginning hyperglycemia. Leire, using Bang’s method,‘ found values 
ranging from 0.06 to 0.11 per cent, in fifteen individuals of whom six had 
0.11 per cent. Bang* found 0.10 to 0.11 per cent in three persons. Jacob- 
sen® found values ranging from 0.09 to 0.116 per cent in fourteen cases, as 
follows: three cases had 0.09 per cent; seven had 0.10; three, 0.11; and one, 
0.116. All the above readings were made in the morning before breakfast. 


The age of the individuals examined seems to have no con- 
stant or definite influence upon the percentage of blood sugar. 
This is in agreement with the opinion of Frank.* 

In twelve cases (Table III) in which we observed a hyper- 
glycemia before anesthesia (a sugar content above 0.11 per cent), 
it was evident from further examinations that the high sugar 
content was due to various associated factors, and not to any 
psychic disturbance. These were of the nature of obesity, ne- 
phritis, hypertension, fever, and loss of blood‘as in menorrhagic 


TABLE I. 


Male Cases. 





Blood sugar. Case No. Age. Blood sugar. 





per cent per cent 
1 22 0.102 ¢ 0.087 
8 29 0.095 ; 0.100 
0.092 cj 0.102 
13 18 0.077 f 0.090 
19 40 0.085 0.093 
20 49 0.085 : : 0.109 
21 43 0.074 0.099 
32 16 0.077 : 0.097 
41 49 0.085 0.102 
45 17 0.090 ‘ 0.089 
47 50 0.095 0.099 
49 30 | 0.100 


























per cent 


Highest value....... 
Lowest “ 


UNS 50 5:60:05 axa 





* Bang, I., Der Blutzucker, Wiesbaden, 1913, 30. 
’ Jacobsen, A. T. B., Biochem. Z., 1913, lvi, 471. 
* Frank, E., Therap. Gegenwart, 1914, lv, 439. 
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TABLE I. 


Female Cases. 








Case No. Age. Blood sugar. | Case No. Age. Blood sugar. 








per cent years per cent 


0.088 35 r oo” 0.089 
0.108 37 36 0.080 
0.086 38 50 0.091 
0.070 42 61 0.104 
0.078 35 0.103 
0.087 44 25 0.082 
0.070 46 0.076 
0.092 53 26 0.084 
0.097 54 44 0.103 
0.103 55 21 0.078 
0).067 58 26 0.077 
0.078 31 0.080 
0.066 0.090 
0.095 0.084 
0.078 0.090 
0.069 0.092 
0.063 0.107 
0.083 0.109 
0.095 
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per cent 
Highest value 
Lowest “ 


Average 


conditions, in which a hyperglycemia is believed to be encountered 
frequently. That the hyperglycemia in these cases was due 
not to psychic factors was further evidenced by the subsequent 
determinations of the blood of these patients, which showed that 
the hyperglycemia was persistent in many of them. 

The influence of psychic factors, such as pain, fear of opera- 
tion, and fear of anesthesia, upon the blood sugar content appar- 
ently is negligible. With the exception of the dozen cases dis- 
cussed in the preceding paragraph our readings differ in no essen- 
tial way from those of other determinations made under more 
normal environmental conditions. Our conclusion is, therefore, 
at variance with the results obtained in experiments on animals. 





TABLE III. 


Exceptional Cases. 








| 


Blood Sugar. | 
AAS La eS SS. Bs 
b  @ 

24 hours 
after 
oper- 
ation. 


| 
| 


A. B. 
Before | After 
anes- | opera- 
thesia. | tion. 


Remarks. 





per cent | per cent | per cent 


Male. | 0.146! 0.176} 0.120) Well nourished; febrile; not 

prepared (no period of star- 

vation). Appendectomy ; 
gas and ether 26 min. 

139 Appendectomy; gas and ether 

31 min. 

113 Thin; nephritic; cardiac. Su- 
prapubic cystotomy; local 
anesthesia 22 min. 

Hydrocephalus; brain tumor. 
Trephine and corpus callo- 
sum puncture; gas and ether 
32 min. 

Female. 0.233; Obese; menopause 2 yrs. ago; 

nephritis. Cholecystec- 

tomy; cystic duct drainage; 
gas and ether 83 min. (urine 
not examined). 

0.088} Thin; menstruating. Appen- 

dectomy (no time given). 

0.103} Cardiac; amputation of cer- 

vix; gas and ether 43 min. 

0.093} Obese; menopause 2 yrs. ago; 
albuminuria. Post-opera- 
tive adhesions, gas and 
ether 53 min. 

Menorrhagia. Urethroplasty; 
gas and ether 50 min. 

Obese; blood pressure 180. 
Considerable hemorrhage 
during plastic operation. 
Gas and ether 55 min. 
Post-operative glycosuria 
shows after operation; no 
sugar in urine 24 hrs. later. 

Bleeding from submucous fib- 
roids. Curettage; gas and 
ether 23 min. 

0.125} Albuminuria; obese. Chole- 

cystectomy; gas and ether 

64 min. 
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The Effect of Anesthesia and Operative Procedures on the Blood 
Sugar. 


Kvery operation involves a number of factors which may 
have their separate and independent influences upon the sugar 
content of the blood. These factors include the nature and dura- 
tion of the anesthesia, the nature and location of the operation, 
and the degree of shock incidental to the procedures employed. 
Thus it has been stated by various authors that deep narcosis 
can produce hyperglycemia in animals;* that laparotomy as con- 
trasted with extraperitoneal operations’ and that loss of blood! 
can cause hyperglycemia. While in studies such as we have made 
the effect of the individual factors cannot be isolated, it is pos- 
sible by means of proper tabulation and comparison of the results 
in a considerable number of cases, to deduce which of the factors 
is chiefly responsible for the disturbance in the balance of the 
bleod sugar. For example, if it is true that operations within 
the peritoneal cavity affect the blood sugar content differently 
from extraperitoneal operations, then we should find in intraperi- 
toneal operations of the same duration, conducted under the same 
narcosis as extraperitoneal procedures, disturbances in the blood 
sugar content of an order different from those found in extra- 
peritoneal operations. 

Local Anesthesia (Table IV).—Only four cases operated upon 
under local anesthesia were examined, and from the results ob- 


TABLE IV. 


Local Anesthesia. 








Blood sugar. 





Duration. Nature of operation. 
A. Before | B. After 
anesthesia. | operation. 





per cent per cent 


49 0.091 | 0.104 Cauterization of rectal ulcer. 

56 0.102 0.098 Excision of metastatic hyper- 
nephroma. 

65 0.120 0.113 Suprapubic cystotomy. — 


77 0.100 0.084 “ +6 ke ; 











eae si 
Average.. 9.103 | 0.100 











7 Katz, D. A., and Lichtenstern, D. R., Biochem. Z., 1914, |x, 313. 
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tained it appears that not only was there no resultant hyper- 
glycemia, but that a slight diminution in the blood sugar content 
takes place. An average of the results obtained by the authors 
yields these figures: 


(a) 0.103 per cent (before anesthesia). 
(b) 0.100 “ “ (after operation). 


The duration of the procedure varied from 6 to 22 minutes. 

Nitrous Oxide Anesthesia (Table V).—Only five cases operated 
upon under nitrous oxide anesthesia were examined. The aver- 
age results for these were: 


(a) 0.090 per cent (before anesthesia). 
(b) 0.115 “ “ (after operation). 


The duration of the procedure varied from 4 to 32 minutes, 
and the character of the operations was similar to that of cases 
subjected to nitrous oxide and ether anesthesia. The rise in 
percentage of blood sugar is fairly definite, but there is no regu- 
larity in the percentage increase and evidently no relation to the 
duration of the anesthesia. 


TABLE V. 


Nitrous Oxide Anesthesia. 





| 


anaes, ic ioremcmegtes U.S Nature of operation. 
A. Before | B. After 
anesthesia. | operation. 


Blood sugar. 





per cent per cent min. 


0.085 0.106 4 Brisement of right shoulder. 
0.090 0.117 31 
0.099 0.130 32 Hydrocele. 

0.097 107 25 Resetting of fractured leg. 
0.078 115 13 Pelvic abscess; drainage. 














Average.. 0.090 | 0.115 | 





Nitrous Oxide and Ether Anesthesia (Bennett Method) (Tables VI 
and VII).—Sixty cases operated upon under general anesthesia 
administered with the Bennett inhaler (one or two bags of nitrous 
oxide gas with gradual shifting to pure ether) were examined. 
These cases may be classified and tabulated as follows: (1) lapa- 
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TABLE VI. 


Nitrous Oxide and Ether Anesthesia. 
Laparotomies. 


Surgical Procedure and Blood Sugar 










Duration. 








min. 
20-30 
30-40 
40-60 
60-90 

Over 90 


All cases...... 





No. of cases. 


A. 


B. 


C. 


Increase of 


B over A. 











per cent 
0.102 
0.090 
0.094 
0.097 
0.089 
0.096 














TABLE VII. 


per cent 


0.140 
0.118 
0.120 
0.161 
0.143 





0.138 


Extraperitoneal Operations. 








Nitrous Oxide and Ether Anesthesia. 


per cent 


0.096 
0.083 
0.093 
0.134 


0.109 


















per cent 
37 
31 
27 
66 

61 

Ad 





Duration. 


| No. of ones, | A. 





r 











Increase of 


B over A. 





Gynecological cases. 








All cases. 


min, 


10-20 
20-30 
30-40 
40-60 
60-90 


_ 


Hm DO St bo 


per cent 


0.080 
0.098 
0.094 
0.105 
| 0.085 
| 0.097 





per cent 


0.104 
0.123 
0.131 
0.141 
0.112 
0.128 | 











per cent 


0.084 
0.083 
0.112 
0.103 
0.100 





per cent 
30 
26 
40) 





Renal cases. 

















60-90 | 3 | 0.089 | 0.154 | 0.102 
110 | l | 0.087 | 0.204 0.096 134 
All cases........... | 4 | 0.088 | 0.166 | 0.100 89 
Neurological cases. 
60-90 Bs. taal | 0.091 | 0.142 | 0.106 56 





Miscellaneous cases. 








20-30 
30-40 
40-60 
60-90 


ee ee 








Nw 


bo Os 





0.084 
0.102 
0.105 
0.089 
0.093 














0. 
0.123 
0.121 
0.156 
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rotomies; (2) extraperitoneal operations. This general grouping 
is made because of the reputed effect of intraperitoneal operations 
on the blood sugar content. In the accompanying tables the 
results are grouped according to the above scheme, specifying, 
however, the location of each group of operations and the dura- 
tion of the anesthesia. Column A represents the average sugar 
content of the blood examined just before anesthesia; Column B 
represents the average sugar content directly after the operation; 
and Column C represents the sugar content 24 hours after 
operation. 

In fifty-seven of the sixty cases examined there was a well 
marked increase in the blood sugar content after anesthesia and 
operation. In one case (No. 9, a plastic lasting 70 minutes) 
there was a rise of only 0.001 per cent within the limit of error. 
In another case (No. 39, Table III, a urethroplasty lasting 50 
minutes) there was a decrease of 0.004 per cent, in a third a 
decrease of 0.006 per cent. 

The average results in all kinds of cases, regardless of duration, 
showed a decided increase after operation, and the persistence of 
a moderate increase 24 hours later. Reference to Tables VI, 
VII, VIII, and IX will give the figures for the different groups 
of cases studied. 

TABLE VIII. 
Nitrous Oxide and Ether Anesthesia. 
Summary, According to Nature of Operation. 





In- 
No. of B crease 
cases. wc ‘ i of B 
over A. 


Nature of operation. 





per cent |per cent |per cent | per cent 


0.096} 0.138) 0.109) 44 
0.097) 0.128) 0.100) 32 
0.088} 0.166) 0.100) 89 
NE EN a lela 0.091; 0.142) 0.106) 56 
Miscellaneous including 0.093; 0.127) 0.104 37 

I Sik shes 5) wate id We he « fines 0.099) 0.138) 0.106; 40 

Thyroids (not exophthalmic) ......... : 0.093) 0.133) 0.110) 43 




















In cases (Table [X) which were under anesthesia for less than 1 
hour the average percentage increase of B over A varied from 15 
to 37 per cent. The increase of only 15 per cent was seen in two 
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TABLE IX. 





Nitrous Oxide and Ether Anesthesia. 
Laparotomies and Non-laparotomies, Grouped According to Duration of 
Anesthesia. 





a a 







" | In- 

| No. of . crease 

|’ cases. A. B. | C. of B 
over A. 















per cent |per cent |per cent | percent 






Duration 20-30 min...... 









Laparotomies.........................| 4 | 0.102) 0.140} 0.096) 37 

Non-laparotomies...................... 8 | 0.091] 0.118] 0.096} 30 
Duration 30-40 min..................... 

ee re tae ae | 7 | 0.090) 0.118) 0.083) 31 

Non-laparotomies.....................| 5 | 0.098} 0.127] 0.102) 30 
Duration 40-60 min. 

IIR odo dl ick i occadacd 5 | 0.094) 0.120) 0.093) 27 

Non-laparotomies.....................| 7 | 0.105} 0.135] 0.109} 30 





Duration 60-90 min. 















i «oa Fos) ind Wines x ed 9 | 0.097) 0.161) 0.134) 66 
Non-laparotomies.....................| 10 | 0.089} 0.144) 0.103} 62 
Of these, 
Renal cases........................| 5 | 0.090] 0.149] 0.103} 65 
J 














Ps ah eae Ls. GIS | 5 | 0.087} 0.138} 0.102) 59 


' 














miscellaneous extraperitoneal procedures lasting 40 to 60 min- 
utes. The increase of 37 per cent was seen in a group of four 
laparotomies lasting 20 to 30 minutes. 

In cases (Table LX) which were under anesthesia for more than 
1 hour the average percentage increase varied from 32 to 89 per 
cent. The increase of 32 per cent was seen in two gynecological 
cases, plastic operations lasting 60 to 90 minutes. The in- 
crease of 89 per cent was seen in a group of four nephrectomies 
lasting from 60 to 110 minutes. 

The greatest percentage increase of B over A was seen in 
this group of nephrectomies (Table VIII). In Case 50 (ne- 
phrectomy for hydronephrosis, lasting 110 minutes) the readings 
were A, 0.087, B, 0.204, C, 0.096 per cent, a rise of 134 per cent 
of B over A, the largest increase in the series of cases examined. 

From a study of Fig. 1 we conclude that: (a) There was no 
difference between the effect of intraperitoneal operations and 
extraperitoneal operations upon the sugar content of the blood. 
(b) The anesthesia played the important réle in the production 
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Fig. 1. Chart showing the course of the glycemia (Table IX). A, be- 
fore; B, at end of anesthesia; C, 24 hours later. Vertical lines, percentage 
increase of sugar after anesthesia of various duration. Continuous lines, 
laparotomies. Broken lines, extraperitoneal operations. 
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of the hyperglycemia observed. (c) The more marked increases 
in blood sugar content appeared when the anesthesia lasted 1 
hour or more. (Bang stated that deep narcosis produced hyper- 
glycemia of its own accord.) (d) The operation of nephrectomy 
had an especially marked effect in the blood sugar content and 
the operation of itself was responsible for a good part of the 
hyperglycemia, over and above the effect of the prolonged 
anesthesia. 

Loss of Blood.—As stated previously, loss of blood is known to 
produce a hyperglycemia. It is difficult to specify the degree of 
influence which this factor played in our cases. From an analysis 
of the clinical data it may be stated that excessive bleeding 
was not encountered. Certain cases, such as No. 42 (Wertheim 
operation), in which a moderate loss of blood was incidental, 
showed a somewhat greater rise than other cases, but not much 
beyond the range of the average. 

Post-operative Glycosuria.—This was found in only one of fifty 
cases in which the post-operative urine was examined for sugar 
with Fehling’s reagent. This was a plastic operation lasting 55 
minutes (Case 40). The readings for this case were A, 0.118, 
B, 0.232, and C, 0.200 per cent. 

The urine passed 8 hours after operation gave a well marked 
reduction. A specimen voided 24 hours later gave no reduction. 
The persistence of a well marked hyperglycemia 24 hours after 
operation was unusual. 

In view of the fact that anesthesia produces a well marked 
hyperglycemia in almost every case, we would expect glycosuria 
to result more often. That we do not find it may be due to one 
of two causes: (1) The percentage increase of blood sugar may 
be relative and not absolute, just as in the case of loss of blood. 
(2) The kidneys may be rendered impermeable to sugar by the 
anesthetic. Further work upon this phase of the subject is in 
progress. 
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The so called Abderhalden reaction, dating from the appear- 
ance of Abderhalden’s Schutzfermente des tierischen Organismus, 
has given rise to a vast amount of work on proteolytic ferments 
in the blood, and has produced an extensive literature. The 
fact that the reaction would be of diagnostic value, if practicable, 
has given additional impetus to the investigations. Few workers, 
except Abderhalden and his pupils, have obtained results definite 
enough to be of value. This lack of results has been attributed 


by Abderhalden to faulty technique.! It was to avoid the use 
of the dialysis method? and thus escape this criticism that the 
technique in the present instance was used. 


HISTORICAL. 


Ide,*? in 1902, came to the conclusion that ‘it was impossible to form 
antibodies in the body against the most important substance of bacteria,”’ 
nucleoproteins; while Galeotti,* working in the same year, reports the pro- 
duction of an antiserum to anthrax by injecting its nucleoproteins. Mac- 
Callum,® Portis,* and Yates’ stated that antithyroid serum produced by 





* Dissertation for the degree of Ph.D., University of Pennsylvania, 
1916. 

1 Abderhalden, E., Miinch. med. Woch., 1914, lxi, 233. 

*? Abderhalden, Abwehrfermente, Berlin, 3rd edition, 1913. 

3 Ide, M., Fortschr. Med., 1902, xx, 833. 

* Galeotti, G., Primo Cong. patol. ital., Turin, 1902, cited in Biochem. 
Centr., 1903, i, 276. 

5 MacCallum, W. G., Med. News, 1903, Ixxxiii, 820. 

‘ Portis, M. M., J. Infect. Dis., 1904, i, 127. 

7 Yates, J. L., Univ. Penn. Med. Bull., 1903-04, xvi, 195. 
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them had no specific action, while Bierry® stated that the action of such 
antiserum, while not specific, was more pronounced on the organ from 
which the nucleoprotein was derived. Levene® concluded from his results 
on hemolytic sera produced by different constituents of erythrocytes that 
nucleoproteins may be effective in forming antibodies. Pearce’ in his 
early and in his most recent work has shown that specific cytotoxic sera 
cannot be produced by the injection of nucleoproteins. All these workers 
attacked the problems rather from the viewpoint of the immunologist 
than from that of the chemist. 

Hedin" first showed that the blood of the ox contained a weak proteoly- 
tic enzyme that acted in alkaline medium, but which was prevented from 
acting in the blood by the presence of antibodies. Delezenne and Pozer- 
ski!* found that the proteolytic powers were increased when the blood 
serum was incubated over chloroform. In 1904, Kawasoye!® applied his 
results to the diagnosis of pregnancy and reported that he obtained a pla- 
cental antiserum by sensitization of the animal to placenta or albuminous 
urine from pregnant women. Wells and Osborne have shown that gui- 
nea pigs become immune to the chief vegetable proteins of their food, while 
on the other hand, Besredka could not succeed in sensitizing a guinea pig 
to milk either by oral or rectal administration. Abderhalden found on 
the injection of nucleoproteins and nucleins that a reinjection in no case 
caused death, inferring therefrom the production of protective ferments. 
Schawlow'’ reported the existence of specific proteolytic ferments in the 
blood in specific pathologic conditions; he has used the Abderhalden test 
to diagnose carcinoma and sarcoma and reported failure in only 7 and 6 
per cent. 

Voelkel'® has been able to secure a ninhydrin reacting substance with 
antisera to diphtheria, typhoid and anthrax bacilli, trypanosomes, and 
spirochetes. Schwarz,'® using the Abderhalden technique, reported the 








8 Bierry, H.,; Compt. rend. Soc. biol., 1903, lv, 476. 

9 Levene, P. A., J. Med. Research, 1904, xii, 191. 

10 Pearce, R. M., and Jackson, H. C., J. Infect. Dis., 1906, iii, 742. Pearce, 
R. M., Studies from Bender Hyg. Lab., 1904,i. Pearce, R. M., Karsner, H. 
T., and Eisenbrey, A. B., J. Exp. Med., 1911, xiv, 44. Williams, P. F., 
and Pearce, R. M., Surg. Gyn. and Obst., 1913, xvi, 411. 

11 Hedin, 8S. G., J. Physiol., 1904, xxx, 195. 

12 Delezenne, C., and Pozerski, E., Compt. rend. Soc. biol., 1903, lv, 327. 

18 Kawasoye, Ueber die biochemische Diagnose der Schwangerschaft, 
Inaug. Diss., Erlangen, 1904. 

14 Wells, H. G., and Osborne, T. B., J. Infect. Dis., 1911, viii, 77. 

15 Besredka, Ann. l’Inst. Pasteur, 1909, xxiii, 166. 

16 Abderhalden, E., and Kashiwado, T., Z. physiol. Chem., 1912, Ixxxi, 
285. 

17 Schawlow, A., Miinch. med. Woch., 1914, xi, 1386. 

18 Voelkel, E., Miinch. med. Woch., 1914, |xi, 349. 
19 Schwarz, H., J. Am. Med. Assn., 1914, Ixili, 371. 
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positive diagnosis of cancer and pregnancy. Echols” states that the dialy- 
sis method is of value when negative, showing the absence of pregnancy, 
but that a positive result may be due to errors in technique. Carlson,?! 
in answer to the last two statements, says that the Abderhalden test is not 
qualitative but quantitative, and that one could probably get a positive 
test in 100 per cent of the cases if the time for digestion were extended, as 
polyvalent ferments are present always in the blood. This latter position 
is supported by many investigators. Flatow” finds that the splitting of 
placenta occurs not only inthe pregnant serum, but also that the proteolytic 
ferments of the normal serum break up the proteins of the placenta unspeci- 
fically and quantitatively. He** also objects to Abderhalden’s results on 
the basis of his using ‘‘cooked”’ placenta, saying that “if specific ferments 
were present they would not show with cooked organs.’’ In his later work** 
with casein, he finds that casein is digested by the normal serum and more 
intensely with the pregnant serum. Michaelis and Lagermarck”™ were not 
able to demonstrate a specific ferment for placenta, but obtained positive 
results even with men and old women in certain pathologic conditions. 
The results of many investigators indicate the presence of proteolytic 
ferments which evidently increase in quantity under certain conditions. 
Herzfeld?’ found the percentage of amino-acid greater in pregnant than 
in normal serum, indicating that the pregnant serum had increased fer- 
mentative powers. Schlimpert and Issel?’ report increased ferments in 
animals during pregnancy, but they were not specific for the animals’ own 
placenta. According to the recent investigations of Jobling, Eggstein, 
and Petersen,** placental tissue is not digested but actually resists, in an 
increased degree, enzyme action. Kolmer and Williams?® are of the opin- 
ion that during pregnancy there is an increase of the general proteolytic 
ferment of the serum; and recently they*® state that there are two sets of 
ferments in pregnant serum; (1) normal non-specific ferment, and (2) spe- 
cific; the former released through the adsorption of the antiferment by non- 
specific substances, the second released only through specific protein 
antigen. 





20 Echols, C. M., J. Am. Med. Assn., 1914, Ixiii, 370. 
21 Carlson, A. J., J. Am. Med. Assn., 1914, Ixiii, 1176. 
22 Flatow, L., Miinch. med. Woch., 1914, |xi, 468. 
23 Flatow, Miinch. med. Woch., 1914, |xi, 1168. 

* Flatow, Miinch. med. Woch., 1914, |xi, 1500. 

25 Michaelis, L., and Lagermarck, L. v., Deutsch. med. Woch., 1914, xl, 
316. 

26 Herzfeld, E., Biochem. Z., 1914, lix, 249. 

27 Schlimpert, H., and Issel, E., Miinch. med. Woch., 1913, |x, 1758. 

28 Jobling, J. W., Eggstein, A. A., and Petersen, W., J. Exp. Med., 1915, 
xxi, 239. 

29 Kolmer, J. A., and Williams, P. F., Am. J. Obst., 1915, Ixxi, 899. 
30 Kolmer and Williams, Am. J. Obst., 1915, lxxii, 1. 
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The immunologists have also offered explanations for this increased ac- 
tivity during pregnancy and after injection of protein, as an immunity 
reaction. Vaughan*! states that he procures in guinea pigs, by immuniza- 
tion, a serum which will digest egg protein. He explains immunity as de- 
velopment of a serum which will digest foreign bodies and render them 
harmless. Jobling and Petersen* explain this digestion in blood as due 
to non-specific proteolytic ferments or proteases normally present in blood 
and held in check by antiferments, which they believe to be unsaturated 
fatty acids. Bronfenbrenner* explains the reaction by saying that the 
results obtained by Abderhalden are due to the presence in this serum of 
specific substances that are not fermentative in nature, and that the sub- 
stratum is not digested, but that autolysis takes place and serum proteins 
are liberated, thus giving rise to protein digestion products in the blood. 
On the other hand, we have the evidence of Frank** that no experimental 
specific immune reaction to placenta can be demonstrated. Lake*® also 
regards the possibility of producing an immune serum of therapeutic value 
in chorion epithelioma, by use of human placenta, as extremely slight. 
Abderhalden* regards the diagnosis of pregnancy and carcinoma as depend- 
ent on the presence of ferments produced by the injection of the protein or 
tissue in question. De Waele,*’ however, did not succeed in preparing a 
serum that would give digestion with specific tissues, but he did find that 
the addition of even an inorganic substance will cause the liberation of 
dialyzable, ninhydrin-reacting substances. DeWaele,** and Heilner and 
Petri*®® show that ferments appear very quickly after parenteral injection 
of the protein, in intervals hardly sufficient for the elaboration of new and 
specific ferments; they support the theory that the ferments are preformed 
and that the substratum serves to activate rather than to bring about the 
production of new ferments. 

The most recent work done on proteoclastic ferments tends to favor the 
opinion that the production of ferments during pregnancy and after the 
injection of protein is a quantitative and not a qualitative reaction. 
Sloan‘? observed that there may be an increase of proteolytic activity un- 





31 Vaughan, V. C., J. Am. Med. Assn., 1914, lxiii, 365. 

* Jobling, J. W., and Petersen, W., J. Exp. Med., 1914, xix, 459; Bull. 
Johns Hopkins Hosp., 1915, xxvi, 356. ‘ 

33 Bronfenbrenner, J., Schlesinger, M. J., and Mitchell, W. T., J. Am. 
Med. Assn., 1915, Ixv, 1268. 

34 Frank, R. T., J. Exp. Med., 1907, ix, 263. 

% Lake, G. C., J. Infect. Dis., 1914, xiv, 385. 

3} Abderhalden, Fermentforschung, 1914, i, 20. 

37 De Waele, H., Z. Immunitdtsforsch., Orig., 1914, xxii, 170. 

38 De Waele, Z. Immunitatsforsch., Orig., 1909-10, iv, 148. 

39 Heilner, E., and Petri, T., Miinch. med. Woch., 1913, lx, 1530. 

40 Sloan, LeR. H., Am. J. Physiol., 1915, xxxix, 9. 
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der the above conditions. Van Slyke, Vinograd-Villchur, and Losee*! 
found nearly or quite as much power to digest placenta in normal as in 
pregnant sera. Malone*? reported that he has found ferments, even in 
the urine, which would digest placenta. The clinical literature on the 
subject, supporting the efficiency of the test and also denying its useful- 
ness, would fill volumes and has been omitted here, because we are con- 
cerned with the reaction from the chemical rather than from the clin- 
ical viewpoint. A full list of references may be found in Abderhalden’s 
Abwehrfermente. 


EXPERIMENTAL, 


As stated in the introduction, the object of this investigation 
was to determine whether proteoclastic ferments or activity de- 
velop in the blood in response to the injection of a foreign protein 
and cause digestion when allowed to act on the protein injected, 
using a method which would not be open to the criticism of the 
dialysis method or of the ninhydrin reaction. The method fol- 
lowed in each case was practically the same. White rabbits were 
injected with an amount of protein varying from 100 to 800 mg. 
in solution or suspension, depending on its solubility in Ringer’s 
solution. The Ringer’s solution was boiled and cooled to about 
40°C. The protein was placed in this and after the hair had 
been cut from the rabbit and the skin disinfected with iodine, 
this solution was injected parenterally. Each rabbit received 
three successive injections, 1 week apart. The day following the 
last injection the rabbit was etherized and bled to death from the 
carotid. The blood was caught in a beaker and was stirred con- 
tinuously to defibrinate it. The control animals were bled in the 
same way. The defibrinated blood was centrifuged, the serum 
decanted off, and portions were used to obtain the figures for the 
non-protein nitrogen according to the method of Folin,® except 
that we used, for some of the later tests, absolute ethyl] alcohol 
instead of methyl alcohol. 

The rest of the serum was divided into 5 or 10 cc. portions ac- 


4t Van Slyke, D. D., and Vinograd, M., Proc. Soc. Exp. Biol. and Med., 
1914, xi, 154. Van Slyke, D. D., Vinograd-Villchur, M., and Losee, J. R., 
J. Biol. Chem., 1915, xxiii, 377. 

42 Malone, R. H., Proc. Soc. Exp. Biol. and Med., 1915, xii, 126. 

43 Folin, O., and Denis, W., J. Biol. Chem., 1912, xi, 527. 
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cording to the amount obtained, and these were diluted up to 50 
ec. with Ringer’s solution, made alkaline with 2 cc. 0.1 N NaOH 
and placed in a flask with 1 gm. of the particular protein, and 
incubated at 37.5°C. The first three were incubated for 24 hours, 
the next two for 48 hours, and the last two for 42 hours. After 
incubation the contents of the flask were mixed with ten volumes 
of alcohol, and allowed to stand for 24 hours. The filtrate was 
treated with a saturated alcoholic solution of ZnCl., allowed to 
stand 24 hours, and a Kjeldahl run on the filtrate. Bearing in 
mind the fact that Greenwald“ could not recover all the amino- 
acid from an alcoholic filtrate, we did some check analyses with 
2.5 per cent trichloroacetic acid, as recommended by him, but 
since the results checked so closely with the alcohol figures, we 
continued with the alcohol method. 
The results are summarized in the tables. 


TABLE I. 





Non-protein N 
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DISCUSSION. 
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The results show plainly in all cases that under the conditions 
of the experiment there is practically no digestion with the blood 
of the injected animal in excess of that which takes place with 


the serum of the normal control animal. 


The greatest amount 


of digestion takes place in the case of the Bence-Jones protein 
and milk albumin, which would natural'y be expected, as these 
two proteins are more nearly related to mammalian proteins. 
With casein, the blood of the injected animal on the ‘addition of 


casein gave a precipitin reaction, so that this might account for 
the greater increase of nitrogen in the normal animal; the pre- 


cipitin reaction might preclude the possibility of a proteolytic 
action taking place. The results would also lead one to suppose 
that the blood of the rabbit possesses to a slight degree proteoly- 
tic activity, but that this activity toward a particular protein is 
not increased by injecting the animal with that protein. 
criticism ‘might be offered that these proteins are too foreign; but 
if the reaction must be discriminated on the basis of the protein 
being just foreign enough, it would seem that the possibility of 


usefulness becomes remote. 


The 


The very premise that ferments (free or restrained) exist pre- 
formed in the blood is not strongly borne out in these data. 


ferments are best regarded as endocellular entities; and under cer- 


The 


tain conditions, not well understood, the cellular activity may be 


so stimulated that an excess of ferment is produced and overflows 
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into the blood stream (just as frequently trypsin occurs in the 
urine), but exists there not primarily for the purpose of digestion 
directly in the circulating blood. The fact that such varying 
results on the presence or activity of ferments in the blood have 
been obtained might be due to the fact that some of the investi- 
gators have accidentally reproduced the conditions under which 
the cells are stimulated to greater activity and the excess fer- 
ments then appeared in the blood. Our results would lead us to 
believe that pure proteins at least need not call forth such in- 
creased activity. Even though there be in pregnancy a specific 
serum reaction, it is probably not one due to placental digestion 
in the blood. 

It is not demonstrated that the normal hydrolysis of the pro- 
tein of the body occurs in the circulating blood; indeed, it is much 
more likely that this occurs largely within the cells of the tissues. 
It is easily possible to imagine introduced foreign protein being 
taken into the body cells and hydrolyzed there, without any re- 
action appearing in the circulating plasma. It may be shown 
that foreign protein introduced into the venous blood may be 
taken up by the tissues. In like manner, it might be imagined 
that the placental cells entering the maternal circulation would 
be held and hydrolyzed within the tissues, and leave no trace of 
any enzymic or other activity in the circulating plasma. In 
theory, therefore, one must separate the question of hydrolysis of 
foreign proteins from the question of the reaction of the maternal 
body to placental cells. It is entirely possible that there is a 
specific reaction of the host to placental cells or to neoplasms, 
without this being a hydrolysis of their proteins in the circulating 
blood dependent on the presence there of enzymic activity. 


SUMMARY. 


Protamine, phaseolin, and gliadin are not digested to any de- 
gree by either normal serum or that of an animal injected with 
these substances. 

Casein and soy bean globulin are digested to a greater extent 
by the normal serum than by that of the injected animal. 


45 Unpublished data. 
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Edestin and milk albumin are digested to the same degree by 
the normal and experimental serum. 

Bence-Jones protein is digested to a marked degree by both 
sera and equally well in each case. 


I take this opportunity to thank Professor Alonzo E. Taylor, 
at whose suggestion this work was undertaken and under whose 
direction it was carried out, for his help, both in the experimental 
work and in reading and revising the manuscript. I also thank 
Professor Mendel and Dr. Osborne for the proteins“ supplied by 
them, Dr. Isaac F. Harris,*’ for those supplied by him, and Drs. 
Taylor and Miller for the Bence-Jones protein. 


46 Casein, edestin, gliadin, phaseolin. 
47 Soy bean globulin, milk albumin. 
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By common consent, rather than by accurate experimentation, 
the limit of assimilation of glucose on alimentary administration 
has been set at 200 to 250 gm. on the empty stomach. From this 
figure downwards, the student of diabetes applies the test; from | 
this figure upwards the student of the diseases of the ductless Re 
glands applies the*test. The tests herein reported were made — 
upon healthy medical students. The tests were made as follows: 
Breakfast of a roll or one slice of toast and a cup of tea or coffee 
was allowed. 23 to 3 hours afterwards, the glucose was admin- 
istered in strong solution, the sugar of the blood having been es- a 
timated. 3 hours after the administration of the glucose, the 
blood was again subjected to estimation of glucose. The method 
used was that of Bang, in triplicate, the blank determined each 
day. The urine was collected over 24 hours. Normal urine 
frequently contains a faint trace of sugar. The test we applied 
was essentially Benedict’s procedure, the solution being allowed a 
to stand after heating for 2 hours. Any excess of glucose above 
the normal trace will clearly be revealed in the test applied in 
this manner. The dosage of glucose (which was a pure glucose 
prepared from the grape) was 200 gm. in the first series, 300 gm. 
in the second, and 400 gm. in the last. The subjects in the sec- 
ond series were students who had displayed no glucosuria in the 
first test; the subjects of the third series were men who had dis- 
played no reaction in the second series. The results of the esti- 
mations of sugar in the blood before and 3 hours after ingestion 
of the stated dose of glucose, and the results of tests for sugar in 
the urine subsequently secreted, are given in the table. 
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Sugar Data. 


Assimilation of Glucose 





Blood sugar content at 





10 a. m. 


1 p. m. 





200 gm. glucose. 


Blood sugar content at 





10 a. m. | 1 p. m. 





200 gm. glucose. 








per cent 
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per cent 
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* The asterisks indicate cases where there was a rise in blood sugar 
greater than might be due to the experimental error in the method. 


From the figures it is clear that nearly all the subjects toler- 
ated the ingestion of 200 gm. without exhibition of glucosuria. 
Of nine subjects who ingested 300 gm. only three displayed glu- 
cosuria. Of the six who ingested 400 gm. only two had glucosuria. 
The figures for the blood sugars run within the limits to be ob- 
served with the use of the Bang method. In some instances the 
figure is at the very upper limit of the normal, but these figures 
were by no means observed following the largest ingestions. The 
figures for blood sugar are of relative value only, because of the 
time fixed for the estimations, 3 hours after ingestion. It was to 
be expected that this arbitrary time was too early for the top of 
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the wave in some subjects, too late in others. The general con- 
clusion may be drawn, howevér, that such ingestions do not 
markedly influence the sugar content of the blood. 

Two points in the technique required checking. Were results 
of tests done 23 to 3 hours after a light breakfast as described, 
assumed to hold for the empty stomach? To determine this 
point, 400 gm. of glucose were given four times, without blood 
examinations, in each instance with negative results. Did the 
presence of lemon juice, sometimes given to flavor the large mass 
of syrup, modify the result? 400 gm. were given four times, 
without lemon juice, on the empty stomach, with negative results. 
Are 400 gm. the limit of ingestion? In five instances, without 
blood examinations, 500 gm. were given, with the production of 
glucosuria in but one. We regard 500 gm. as the physical limit 
of ingestion, except in one who has trained to the test; it is very 
large in bulk, inclines to nauseate, and apparently the excess is 
not rapidly absorbed, so that the test probably means no more 
than does the administration of 400 gm., which is usually toler- 
ated. 

Polyuria occurred rarely, and there was no relationship be- 
tween the polyuria and glucosuria. Intestinal disturbances were 
not observed. An attempt was made to repeat the series with 
levulose, beginning at 300 gm. on account of scarcity of the pure 
material. But we found that, as a rule, our healthy students 
could not ingest 300 gm. of levulose without intestinal disturb- 
ances. 400 gm. administered to three men caused profuse diar- 
rhea with copious watery stools, without sugar in the sparsely 
secreted urine. Whether this result is inherent in such amounts 
of levulose or whether due to some impurity in the supposedly 
pure preparation we used, could not be determined. 

Apparently there is in the majority of healthy adult males no 
limit of assimilation of glucose; glucosuria does not occur follow- 
ing the largest possible ingestions of pure glucose. These results 
confirm the findings of Woodyatt, Sansum, and Wilder.! 


1 Woodyatt, R. T., Sansum, W. D., and Wilder, R: M., J. Am. Med. 
Assn., 1915, Ixv, 2067. 





